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1.

Introduction

Riparian areas are very important to the overall landscape ecology and provide many ecological
benefits including wildlife habitat, corridors for species migration, increased biodiversity, water
quality, flood control, storage of sediments, and nutrient cycling, to name just a few (Jones et
al. 2010). They also provide recreation opportunities including fishing, rafting, kayaking, hiking,
scenic views, and spiritual well-being (Turpie et al. 2008). In the western United States where
the climate is typically dry and soils porous, riparian zones tend to be narrow strips of
vegetation along rivers, streams, or around lakes, and depend on perennial or ephemeral
surface or subsurface water (Stein et al. 2000). According to Queheillalt and Morrison (2006), in
the western United States there is less than 1% of the original riparian habitat still intact.
Riparian loss is due to agriculture (Zedler 2003; Queheillalt and Morrison 2006), urban
development and urban sprawl, and other industries such as forestry and mining (Queheillalt
and Morrison 2006, Stein et al. 2000). Because the western United States climate is more arid
than the rest of the country, riparian areas are proportionately more significant for some
functions, such as wildlife habitat islands, on which many native species are fully dependent. In
the southwestern United States it has been estimated that 51% - 82% of all species depend on
riparian zones for survival (Stein et al. 2000). Riparian areas are also very important for
groundwater recharge, which many communities depend upon for drinking water and
agricultural irrigation (Pickett et al. 2011; Queheillalt and Morrison 2006).
Because riparian areas are so ecologically important, they are protected under state and federal
laws depending on the impacts and potential resources. The state resource agencies that have
the most involvement in California include the California Department of Fish and Wildlife
(CDFW), the State Water Resources Control Board (SWRCB), and the local Regional Water
Quality Control Boards (RWQCB). The jurisdiction of CDFW under their 1600 Permit (Lake and
Streambed Alteration Agreement) includes any work near streams, rivers or lakes that flows at
least intermittently through a bed or channel and includes ephemeral streams, desert washes,
and watercourses with subsurface flow, and can also apply to the flood plain of a body of water
(CDFW 2015). The jurisdiction of SWRCB and RWQCB under their 401 Permit (Clean Water Act)
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includes waters of the state and surrounding habitat that influences water quality (SFB RWQCB
2015). The federal resource agencies that have the most involvement include the United States
Army Corps of Engineers (USACE) and the United States Fish and Wildlife Service (USFWS). The
USACE regulates Section 404 of the Clean Water Act which oversees discharge of dredged or fill
material affecting aquatic resources, such as rivers, streams, lakes, oceans, or wetlands (USACE
2014). The USFWS has jurisdiction over federally endangered species and their habitat under
the Federal Endangered Species Act (FESA) (USFWS 2015). These resource agencies require onsite and/or off-site riparian restoration compensation mitigation for impacts to riparian areas.
1.1

Critical Elements of Riparian Restoration Projects

Riparian restoration is complex and an evolving area of ecology that requires a multidisciplinary approach. When planning a riparian restoration project, it is important to look at
the watershed as a whole because what happens upstream affects what happens downstream
and linear contiguity matters (Honey-Roses et al. 2013). The watershed also includes
surrounding land use, adjacent habitat, and riparian buffers (Anderson and Poage 2014). Also,
vegetation type and structure are crucial for habitat specialists, which include many
endangered species (Queheillalt and Morrison 2006; Sharp and Kus 2006; Kus 1998). Invasive
species control is another critical issue when planning a restoration project (Hall and Gaffney
2010). Hydrology and flow will also have a major influence on the success of a riparian
restoration project since the riparian ecosystem is driven by water (Stein and Ambrose 1998).
Water quality improvement is often the goal of riparian restoration for drinking water as well as
aquatic habitat for fish and other species (Honey-Roses et al. 2013). Soil and soil microbial
communities are also critical to a successful restoration project (Harris 2009). Because of the
complexity of riparian restoration, there is a need for collaboration among scientists from
different disciplines when planning restoration projects - such as restoration ecologists,
ornithologists, conservation biologists, invasive species experts, hydrologists, soil scientists - as
well as resource managers, agency personnel, and public interest groups (D’Antonio and
Meyerson 2002; Dudley and Bean 2012).
5

Evaluating the “success” of an urban riparian restoration project is unique and different than
would be for a pristine riparian area. The main drivers for an urban riparian restoration project
may be water quality improvement and infrastructure protection; however, recreation and
aesthetics may also be important (Kenney et al. 2012). Urban riparian restoration projects may
focus on removal of invasive species, such as giant reed (Arundo donax), which is a fire hazard
and uses a lot of water, preventing groundwater recharge (Stein et al. 2000; Watts and Moore
2011). This is not to say that habitat restoration for wildlife is not important as well, but it may
not be one of the primary objectives. Therefore, understanding the context of the restoration
project in the bigger picture is important.
When planning a restoration project, there should be realistic goals and objectives. Hilderbrand
et al. (2005) discuss the five myths of restoration ecology: Carbon Copy, Field of Dreams, Fast
Forward, Cookbook, and Command and Control. The myth of Carbon Copy is the emphasis on
restoring and managing systems to pre-European settlement conditions, which many agencies
are mandated to do but in an urban riparian system is unrealistic. The myth of Field of Dreams
is that systems self-organize - If you build it, they will come mentality – an approach widely
used for wildlife, but which has constraints and limitations. The myth of Fast Forward is that
succession and ecosystem development can be accelerated through plantings and habitat
modification; however, there is little evidence that it works. The myth of Cookbook is using a
recipe for restoration and applying it to all restoration projects rather than looking at site
specific issues. The myth of Command and Control is that nature is controllable and treating the
symptoms will fix the problem, but ignores that systems are dynamic versus static. Identifying
the myths is important in planning and to address potential uncertainty and consideration of
resilience. Pastorok et al. (1997) developed a formalized planning process geared specifically to
the needs of ecological restoration projects, which includes defining objectives, use of
ecological models, potential uncertainties, guidelines for design and analysis and use of
experimentation, and finally monitoring and adaptive management.
Monitoring and adaptive management are critical for the success of a riparian restoration
project. These tools allow for critically assessing the progress of a project and the ability to
6

intervene with contingency plans if it is off-track (Hilderbrand et al. 2005). This ability to correct
requires that the restoration project be considered a long-term experiment (Pastorok et al.
1997). The challenge of a restoration project being a long-term experiment is that it means
long-term monitoring and long-term funding, which project proponents usually do not want,
especially if it is a mitigation project and not a science-driven restoration project for the sake of
conservation.
1.2 Methods Used to Evaluate Riparian Restoration Projects
In the United States, the approach that is most commonly used to determine sufficient levels of
off-site restoration is to derive mitigation ratios based on best professional judgment or simple
indices, such as acreage (Bruggeman and Jones 2008; Stein et al. 2000). However, simple
mitigation ratios are being questioned by ecologists and environmental managers – especially
when considering a specific special-status species – as new techniques arise, such as the
individual-based and spatially explicit population modes (SEPMs). Different resource agencies
use different methods or require the restoration managers to use different methods, which
makes it difficult for monitoring and reporting, especially when there are multiple agencies
involved in a single project.
The Society for Ecological Restoration (SER) has created guidelines for restoration projects and
issued The SER International Primer on Ecological Restoration (SER 2004). CDFW has guidelines
for riparian restoration projects in their California Salmonid Stream Habitat Restoration Manual
(Flosi et al. 2010). CDFW also includes conditions in their 1600 permits for riparian restoration
requirements, but they are not always consistent across the state or even region. The California
Rapid Assessment Method (CRAM) was developed to determine compensatory mitigation for
aquatic resources by following a rapid, standardized, cost-effective evaluation of existing field
conditions (Stein et al. 2000; Collins et al. 2008).
Methods of evaluating restoration projects and developed guidelines recommend certain of the
critical elements mentioned above, but there is a lack of consistency and in some cases
conflicting direction. Choosing which method to apply to an actual restoration project should
7

be done based on which method and success criteria are most effective for that particular
project.
1.3 BART Sabrecat Creek Riparian Restoration Project
The Sabrecat Creek Restoration Project is a two acre riparian zone located along Sabrecat Creek
within the Agua Caliente Creek Watershed, adjacent to a suburban neighborhood in the City of
Fremont, California (see Figure 1). Sabrecat Creek is a perennial stream that flows east to west
and is a tributary to Coyote Creek. The project site is owned and managed by the City of
Fremont with the help of the Alameda County Resource Conservation District (ARCD) and the
National Resource Conservation Service (NRCS) (ACRCD and NRCS 2014).
Bay Area Rapid Transit (BART) was required to do offsite mitigation for the Warm Springs
Extension Project to offset the temporal loss of riparian habitat and improved an additional two
acres of riparian habitat along Sabrecat Creek (ACRCD and NRSC 2010). The ACRD and NRCS
were contracted for the work, which included planning, overseeing, implementing, monitoring
and maintaining the restoration project (ACRCD and NRCS 2010).
“The project goal was to improve habitat diversity in the riparian zone along Sabrecat Creek by
(ACRCD and NRCS 2010):
•

Removal and control of selected non-native understory plants and removal of identified
elm trees and saplings as necessary. Due to funding availability and site constraints, the
project scope does not include complete eradication of non-native species or complete
removal of all elms.

•

Enhance native riparian species diversity through establishment of native trees, shrubs
and understory vegetation” (ACRCD and NRCS 2010).

After pre-project planning, the project was implemented in the fall of 2010. Weed control was
the first action starting in the fall of 2010 and continuing through the spring of 2011. Native
plants were planted in January and February of 2011. The project is now in the fifth year of the
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required five year monitoring and reporting by CDFW and the fourth year annual monitoring
report was submitted to CDFW and RWQCB (ACRCD and NRCS 2014).
Both of the goals identified in the 2010 Planting Plan have been reached and the success
criteria met for the project. However, the goals were limited in scope and could have been
better defined as well as additional goals identified (i.e., bird habitat use, environmental
education, community involvement).
1.4 Research Summary
Riparian restoration is a complex, inter-disciplinary field that is open to interpretation by its
practitioners. Although methods exist for the development and evaluation of restoration
projects, some of the guidance is inconsistent and at times, conflicting. Also, resource agency
permits are often vague and are not uniform across agencies. Despite huge amounts of money
being put towards restoration projects and requirements for compensatory mitigation, many
projects fail. This research identifies critical elements of riparian restoration projects (Chapter
2), presents established methods to evaluate restoration projects (Chapter 3), and applies these
methods to evaluate the BART Sabrecat Creek Restoration Project (Chapter 4). Research
conclusions and management recommendations are presented in Chapter 5 and 6, respectively.
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2.

Critical Elements of Riparian Restoration Projects

Riparian restoration is complex and an evolving area of ecology that requires a multidisciplinary approach. There are many elements that play important roles in riparian
restoration. When planning a riparian restoration project, it is important to look at the
watershed as a whole because what happens upstream affects what happens downstream and
linear contiguity matters (Honey-Roses et al. 2013). Another important element is surrounding
land use, adjacent habitat, and riparian buffers (Anderson and Poage 2014). Also, scientists are
finding that vegetation type and structure are crucial for habitat specialists, which include many
endangered species (Queheillalt and Morrison 2006; Sharp and Kus 2006; Kus 1998). Invasive
species control is another critical issue when planning a restoration project (Hall and Gaffney
2010). Hydrology and flow will also have a major influence on the success of a riparian
restoration project since the riparian ecosystem is driven by water (Stein and Ambrose 1998).
Water quality also plays a role in riparian restoration (Honey-Roses et al. 2013). Soils and soil
microbial communities are also critical (Harris 2009). Because of the complexity of riparian
restoration, there is a need for collaboration among scientists from different disciplines when
planning restoration projects - such as restoration ecologists, ornithologists, conservation
biologists, invasive species experts, hydrologists, soil scientists - as well as resource managers,
agency personnel, and public interest groups (D’Antonio and Meyerson 2002; Dudley and Bean
2012). Section 2.1 goes into more detail regarding the elements listed above and presents
recent scientific literature and case studies.
2.1

Scientific Literature and Case Studies of Critical Elements of Riparian Restoration

Projects
In the last two decades, there has been rigorous research in the area of restoration ecology,
ecosystem functions and ecosystem services (Reiss et al. 2009). Ecosystem functions are the
“changes in energy and matter over time and space through biological activity”, and ecosystem
services are the “products of ecosystem functioning that are of (usually socioeconomic) value
to humans” (Reiss et al. 2009). Identified critical elements of riparian restoration projects
10

discussed below are watershed scale, surrounding land use, adjacent habitat and riparian
buffers, wildlife specialists and endangered species, vegetation type and structure; invasive
species control, water quality and hydrology and soils.
2.1.1 Watershed Scale, Surrounding Land Use, Adjacent Habitat, and Riparian Buffers
When planning and developing goals and objectives for a riparian restoration project, it is
important to consider the watershed and landscape goals and objectives as a whole (Hobbs and
Harris 2001). Looking first at the headwater linkages from the perspective of land use practices,
special status species, geographic setting, disturbance regimes and other criteria could allow for
the best connectivity to meet the objectives (Anderson and Poage 2014).
In a study on the cumulative impacts of Section 404 Clean Water Act permitting on the riparian
habitat of the Santa Margarita River in Southern California, Stein and Ambrose (1998) found
that small projects, mostly consisting of channelization, road crossings, and housing
developments, had cumulative negative impacts on hydrology, habitat quality, and habitat
connectivity. They found that the upper watershed had been majorly impacted by these
projects, which caused the destruction of riparian floodplains. Even where the channel was not
hardscaped and there was some riparian vegetation, many areas had such a steep channel
slope that they were totally isolated from the adjacent uplands, which restricted unique
riparian processes including seed dispersal and limited the movement of organisms between
the riparian zone and upland habitats (Stein and Ambrose 1998).
Restoration projects should consider the surrounding landscape prior to disturbance and realize
that biotic exchanges will occur at the site (D’Antonio and Meyerson 2002). These biotic
exchanges include wildlife movement; seed dispersal by wind, water or animal; and nutrients
entering and exiting the system. Some of these biotic exchanges may be positive and some may
be negative, but it is important to understand ahead of time what these may be for planning
purposes (D’Antonio and Meyerson 2002).
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Riparian buffers have a greater influence in the structure and function of riverine wetlands than
other wetland types (Collins et al. 2008). Riverine wetlands are typically more reliant on the
organic matter and nutrient inputs from outside of the ecosystem - such as carbon, nitrogen,
and phosphorus - to support the food webs within the ecosystem. Also, inputs from within the
riparian ecosystem - such as large woody debris - can be critical in retaining riverine
geomorphology, including pools and riffles. These inputs from within the riparian ecosystem
can also be important for ecosystem services, such as providing habitat for anadromous fish
(Collins et al. 2008). Riparian buffer models are being developed and utilized in forest practices
in the west to meet multiple objectives, including protection of aquatic species, economic
feasibility, forestry viability, and operating within the riparian buffer (Teply et al. 2014).
2.1.2 Wildlife Specialists and Endangered Species
There are many wildlife specialists and endangered species that are riparian-dependent or
riparian-obligate species (Anderson and Poage 2014). Trees that have died and fallen, or been
knocked over by the wind, understory vegetation, and canopy cover are critical habitat
elements for species that are dependent on the riparian area. These habitat elements provide
cover, food, microclimates, and shade (Anderson and Poage 2014). In a study of the
endangered least Bell’s vireo (Vireo bellii pusillus) and brown-headed cowbird (Molothrus ater)
brood parasitism, Sharp and Kus (2006) examined the relationship of vegetation structure
around least Bell’s vireo nests to the rate of brood parasitism by brown-headed cowbirds. They
sampled vegetation structure at three spatial scales: microhabitat (0-1 m from a nest),
mesohabitat (1-11.3 m from a nest), and macrohabitat (great than 11.3 m from a nest). They
found that nests having high microhabitat cover and mesohabitat cover within five meters of
the nest had a reduced occurrence of parasitism than those with low cover at these distances.
Based on these findings, and since vireos nest about 1 meter off the ground, management
recommendations were to increase the microhabitat cover with riparian understory vegetation
(Sharp and Kus 2006). Studies such as this are important in discovering the specific needs of
habitat specialists and endangered species so as not to waste time and money implementing
elements that may not be beneficial, such as increased canopy cover in this case.
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Another informative study on vertebrate use of a restored riparian site on the Carmel River on
the Central California coast was conducted by Queheillalt and Morrison (2006). The riparian
restoration site included 15.0 ha of woody riparian species and 2.4 ha of freshwater wetland
species that were planted in 1996 and 1998. Sampling of non-fish vertebrates was conducted
within the restoration site, which was immature riparian forest communities, and within
adjacent mature riparian forest communities, which were used as a comparison reference site.
They found that reptile and amphibian species prevalent in the restoration site included habitat
generalist species, such as western toad (Anaxyrus boreas), Pacific chorus frog (Pseudacris
regilla), and coast garter snake (Thamnophis elegans terrestris); whereas the reference site
included habitat specialists, such as Monterey salamander (Ensatina eschscholtzii eschsholtzii),
which occurs primarily in woodland vegetation near streams, and northern alligator lizard
(Elgaria coerulea coerulea), which occurs mainly in woodlands. Queheillalt and Morrison (2006)
concluded that the absence of habitat specialists in the restoration site demonstrated it was
not yet suitable for those species.
Queheillalt and Morrison (2006) also studied bird use of the restoration site and reference site
and found the biggest difference was during the nesting season. Birds that are very reliant on
understory vegetation only bred in the reference site including, Swainson’s thrush (Catharus
astulatus), song sparrow (Melospiza melodia), and Wilson’s warbler (Cardellina pusilla).
Queheillalt and Morrison (2006) concluded that these findings demonstrated a lack of adequate
understory vegetation at the restoration site, such as California blackberry (Rubus ursinus) and
poison oak (Toxicodendron diversilobum). However, black-headed grosbeak (Pheucticus
melanocephalus) occurred in the restoration site, which demonstrated that mid-story
vegetation might be sufficient. Birds that are highly dependent on canopy cover, such as the
yellow warbler (Setophaga petechia) and warbling vireo (Vireo gilvus), only bred on the
reference site, which suggests that the restoration site did not have mature enough canopy
cover to provide the habitat needs of these riparian-obligate and riparian-dependent species.
Habitat use by mammals was also studied by Queheillalt and Morrison (2006), and they found
that a woodland specialist, the Monterey dusky-footed woodrat (Neotoma fuscipes luciana),
13

inhabited the reference site; whereas a habitat generalist, the California vole (Microtis
californicus), was primarily found in the restoration site. They concluded that this result infers
that the restoration site was lacking habitat elements necessary for the woodrat. Queheillalt
and Morrison (2006) recommended that the restoration site managers should think about
including more understory vegetation, such as poison oak and California blackberry, as well as
trees that provide more canopy to the existing willows (Salix sp.), such as cottonwood (Populus
fremontii) trees, because they are required habitat by some wildlife species that are habitat
specialists.
Riparian restoration projects are not usually carried out primarily to boost endangered species
populations, but they can be a beneficial secondary objective in advancing restoration projects
(Dudley and Bean 2012). However, planning and implementing a successful restoration project
that creates habitat for a specific targeted species is difficult, because endangered species tend
to have very specific habitat requirements that are not always understood or easily replicated.
Restoration projects that target invasive species for control can have negative impacts on
endangered species if not carefully planned and implemented. This was the case of a research
project in the southwest to control invasive tamarisk (Tamarix spp.) – also called saltcedar with a biocontrol approach of using saltcedar leaf beetles (Diorhabda carinulata). The beetles
were so successful at defoliating and killing tamarisk that it was feared to impact the nesting
success of the endangered southwestern willow flycatcher (Empidonax traillii extimus). The
flycatcher prefers native vegetation for nesting, but in its absence will use tamarisk to nest, and
in some areas of the southwest, tamarisk has taken over large swaths of riparian areas. Dudley
and Bean (2012) found that there were actions they could take to help mitigate potential
negative effects of tamarisk biocontrol on the flycatcher. These actions included ensuring that
suitable structural vegetation components are immediately adjacent to nesting birds, so that a
nest in a defoliated tamarisk will still have canopy cover to protect it from the sun; planting
native woody plants, such as willows and cottonwoods; enhancing native vegetation in known
nesting areas; and restoring native vegetation in areas currently unoccupied by the flycatcher
to entice and assist the growth of the population. They found that a watershed restoration
14

approach was best to sustaining and enhancing the flycatcher populations (Dudley and Bean
2012).
2.1.3 Non-native Invasive Species
Non-native invasive species can have many negative impacts on riparian areas, especially ones
that are within limited water river systems, and restoration projects usually incorporate
invasive species controls into their plans (Watts and Moore 2011). One of these negative
impacts includes altering hydrology and water quality. Species such as giant reed (Arundo
donax) have spread to many areas of the west and southwest and giant reed now occurs in the
25 southernmost states (Watts and Moore 2011). Originally introduced to California in the early
1800s from eastern Asia, giant reed was utilized for erosion control purposes (Stein et al. 2000).
However, it quickly establishes itself as the dominant plant species in riparian areas because of
its fast growth rate (5 cm/day), which can out-compete the native riparian vegetation. Giant
reed alters hydrology by its ability to rapidly stabilize the banks of rivers or streams and create
terraces, which cut off the riparian zone from naturally occurring flow processes typical with
riparian areas that are dominated with native plant species (Stein et al. 2000). In a study on the
Lower Rio Grande in South Texas, it was found that giant reed used approximately 8.8±0.9 ml of
water per day during the peak growing season in 2008, which is a high rate of water use for
plants and could alter groundwater levels (Watts and Moore 2011). Other non-native invasive
species that use more water than natives due to a higher evapotranspiration rate, have a
measurable negative effect on stream flow, and are also fire-prone and fire dependent (Turpie
et al. 2008). Giant reed was also found to degrade water quality on the Santa Ana River in
southern California by increasing water temperature due to lack of riparian canopy and cover,
and lack of riparian organic matter (Stein et al. 2000).
Similar problems with giant reed have been encountered within the Russian River Watershed in
Mendocino and Sonoma Counties, and a program to remove giant reed from the watershed
was initiated in the early 2000s by the Sotoyome Resource Conservation District in partnership
with a restoration non-profit, Circuit Rider Productions, Inc. (Sotoyome Resource Conservation
15

District 2004). The objective was to remove non-native giant reed to help restore native
riparian habitat, which would also provide more shade for federally listed salmonids - steelhead
(Oncorhynchus mykiss), Chinook (Oncorhynchus tshawytscha), and Coho (Oncorhynchus kisutch)
and enhance wildlife habitat (Sotoyome Resource Conservation District 2004).
As stated above, fire hazards are also associated with non-native species and can be extremely
problematic in urban or semi-urban areas. This was the case in southern California along the
Santa Ana River where giant reed threatened to fuel fires (Stein et al. 2000).
Another negative impact of non-native invasive species is the decrease in species richness and a
decrease in habitat value. In a study conducted on the Russian River in northern California,
stream banks and floodplains invaded by giant reed were found to have significantly lower
richness of perennial native plants (Cushman and Gaffney 2010). A decrease in species richness
and native riparian vegetation means habitat loss for a variety of wildlife species, including
endangered species. This was the case in southern California on the Santa Ana River where
giant reed infestations were depleting habitat for the federally endangered least Bell’s vireo
(Stein et al. 2000).
Since a big part of riparian restoration usually involves controlling non-native invasive species, it
is important to have realistic goals and objectives from the beginning and understand that it is
usually impossible to remove all invasive species, which could also have negative impacts as
seen with the tamarisk and flycatcher (Dudley and Bean 2012; D’Antonio and Meyerson 2002).
Restoration managers should also understand how invasive species may affect the process of a
restoration project (D’Antonio and Meyerson 2002). The fact that there are invasive species at a
site might be the instigator in determining that restoration is needed. In areas that have been
disturbed, including restoration projects to remove invasive species, these species or other
non-native invasive species may be the first to recolonize the site. Even after a planned
disturbance (i.e., linear corridor for a powerline or pipeline), invasive species that were not
previously at that location may be the first to colonize the area and hinder restoration success
or change the steps of succession that would normally lead to native plant establishment.
16

Invasive species can also have a lasting effect long after they are removed, such as a buried
seed bank, physical changes to the habitat, or chemical shifts in the soil, that can make longterm restoration problematic or test restoration goals and objectives. At the other extreme,
non-native invasive species have been used to restore some ecosystem functions, such as
grasses that can grow fast to stabilize an area and prevent erosion control, fast-growing N-fixing
trees, grasses that grow in poor soils for mining reclamation (D’Antonio and Meyerson 2002).
2.1.4 Water Quality and Hydrology
Water quality is sometimes the driver behind riparian restoration projects. In a study on the
Llobregat River, which flows from the Pyrenees Mountains to the Mediterranean Sea in
northeastern Spain, higher stream temperatures required water treatment managers to switch
on costly water treatment equipment to improve water quality, especially during warm months
(Honey-Roses et al. 2013). Downstream water users in Barcelona, who have an economic
interest in water management, decided to work with river managers towards environmental
goals to improve water quality, which would reduce the treatment costs and benefit many
other ecosystem services. Information was collected on previous riparian restoration projects
to estimate the costs associated with increasing stream shade along the river and conduct a
cost-benefit analysis of the restoration projects over a 20 year period. Previous restoration
projects along the same river were researched by Honey-Roses et al. (2013), which involved
removal of invasive species of giant reed (Arundo donax) and replacement with native species
of willow (Salix alba), ash, (Fraxinus angustifolia), and poplar (Populus alba). They found that
riparian forest restoration along the Llobregat River could save water treatment managers in
the range of 57,000 – 156,000 euros (€) per year, and that restoration at higher elevations
would have a greater benefit than restoration further down the watershed. Therefore, the
costs would be returned annually, saving water treatment managers money, as well as
enhancing the environment and aiding in complying with the European Union’s Water
Framework Directive that requires all water bodies to obtain “good ecological status” (HoneyRoses et al. 2013).
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Altered hydrology from development, such as dams, river diversions, and agriculture, degrades
the ecosystem in many ways (Zedler et al. 2012). Many ecosystem functions and services are
lost when hydrology is altered, including functions such as water filtration, erosion and changes
in sediment movement, stormwater water storage; and services such as clean water for
drinking, stream bank and structure protection, and protection against flooding (Callaway
2014).
2.1.5 Soils
Soil microorganisms are critical to soil function in many ways, including the processing of
nutrients, the formation of soil structure, and the relationship between soil and plants, which
can be positive or negative (Harris 2009). Very little is known about the biology of soil microbes
consisting of bacteria and fungi because less than 1% are able to be cultivated in laboratories.
Recent studies focusing on soils for restoration projects have looked at soils in reference sites
and how soils can be manipulated to facilitate restoration progress and succession by adding
desirable biotic elements (i.e., mutualists) or eliminating undesirables (i.e., invasive plants).
Mycorrhizae has long been known for its importance in plant establishment; however, it may
be more difficult to implement successfully that originally thought due to the complexity of
plant-mycorrhizal interactions, the many specific plant-fungal combinations at different stages
in plant growth, and the existing conditions of the soil and hydrology of the site (Harris 2009).
Another factor is bacteria, which play a role in facilitating interactions of mycorrhizal
communities and plants and produce gums and mucilages that have soil binding properties
(Harris 2009; Watt et al. 1993). Soil structure is also stabilized by fungi that trap and connect
mineral particles in their hyphae (Harris 2009).
Moisture is an important factor of soil and the ability of plants to grow and thrive. Invasive
species, such as giant reed, can cause reduced biogeochemical processes and microbial activity
through a reduction of surface moisture and the production of toxic and harmful chemicals,
such as silica, tri-terpine, and sterols (Stein et al. 2000).
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Because of all of these complex and critical ecological elements discussed above, more
collaboration is needed among scientists, resources managers, and public interest groups when
planning restoration projects (Dudley and Bean 2012; D’Antonio and Meyerson 2002).
2.2

What Constitutes “Success” in an Urban Riparian System?

Urban riparian systems are quite different from pristine systems in wilderness areas. A
conceptual model created to describe this phenomenon is the “urban stream syndrome”, which
is used to explain the constant ecological degradation of urban rivers and streams (Pickett et al.
2011; Meyer et al. 2005; Walsh et al. 2005). This ecological degradation includes increased
nutrients to the system such as nitrogen and phosphorus; elevated organic and inorganic
contaminants such as bioavailable organic carbon, salts and metals; decrease in water quality
from a rise in stream temperature due to drainage from heated urban surfaces and a lack of
riparian vegetation cover; increased storm runoff due to impermeable urban surfaces;
hardscaping channels and other activities that increase flow velocity; changes in erosion
sediment transport and changes in the timing and volume of nutrient movements. This
ecological degradation of stream systems can greatly impact the biological community of plant
and animal species (Pickett et al. 2011; Meyer et al. 2005; Walsh et al. 2005).
Hydrology of rivers and streams in urban areas is also extremely altered in comparison to
streams in wild lands (Pickett et al. 2011). Stream hydrology can be negatively impacted by
common urban bank stabilization projects, such as the use of rock rip-rap, concrete, or
geotextiles (Stein and Ambrose 1998). These hardscapes interfere with the unique processes of
the riparian system, including restricting the riparian area, preventing overbank flooding and
the creation of floodplains, and seed dispersal during pulse flows. Isolating rivers from their
floodplains limits their capacity to reduce the force of peak flows during a flood, reduces water
quality improvements and needed sediment deposits, interferes with downstream scour
patterns and successional processes (Stein and Ambrose 1998). Also, urbanization creates more
impermeable surfaces from buildings and paved streets and sidewalks, which increases runoff
and can play a part in the incising of the channel, reduced levels of ground water, and
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diminished soil biogeochemical activity and ground water interactions (Pickett et al. 2011).
There is a need for more research on the longitudinal impacts of urban creeks and river
systems, including the connection between urban impacts to headwaters and changes in the
exchange of nutrients and aquatic species downstream (Pickett et al. 2011).
Evaluating the “success” of an urban riparian restoration project is unique and different than
would be for a pristine riparian area. Restoration ecology has moved towards a focus in
restoring ecosystem function and associated ecosystem services, instead of trying to return
things to how they were two hundred years ago or beyond (Harris 2009). The main drivers for
an urban riparian restoration project may be water quality improvement and infrastructure
protection; however, recreation and aesthetics may also be important (Kenney et al. 2012).
Urban riparian restoration projects may focus on removal of invasive species, such as giant reed
(Arundo donax), which is a fire hazard and uses a lot of water, preventing groundwater
recharge (Stein et al. 2000; Watts and Moore 2011). This is not to say that habitat restoration
for wildlife is not important as well, but it may not be one of the primary objectives. Therefore,
understanding the context of the restoration project in the bigger picture is important as well
as having realistic goals and expectations.
2.3

Restoration Planning and Monitoring

Restoration ecology requires careful planning and monitoring for a successful restoration
project. Below is a discussion of these two important factors of restoration projects.
2.3.1 Planning
When planning a restoration project, there should be clear, realistic goals and objectives that
establish the criteria for restoration success (Ruiz-Jaen and Aide 2005). Hilderbrand et al. (2005)
discuss the five myths of restoration ecology: Carbon Copy, Field of Dreams, Fast Forward,
Cookbook, and Command and Control. The myth of Carbon Copy is the emphasis on restoring
and managing systems to pre-European settlement conditions, which many agencies are
mandated to do but in an urban riparian system is unrealistic. The myth of Field of Dreams is
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that systems self-organize – the “if you build it, they will come mentality” – an approach widely
used for wildlife, but which has constraints and limitations. The myth of Fast Forward is that
succession and ecosystem development can be accelerated through plantings and habitat
modification; however, there is little evidence that it works. The myth of Cookbook is using a
recipe for restoration and applying it to all restoration projects rather than looking at site
specific issues. The myth of Command and Control is that nature is controllable and treating the
symptoms will fix the problem, but this myth ignores that systems are dynamic versus static.
Identifying the myths is important in planning and to address potential uncertainty and
consideration of resilience. Pastorok et al. (1997) developed a formalized planning process
geared specifically to the needs of ecological restoration projects, which includes defining
objectives, use of ecological models, potential uncertainties, guidelines for design and analysis
and use of experimentation, and finally monitoring and adaptive management. These are all
important factors for a successful restoration project and will be discussed further in Chapters
3, 5, and 6.
2.3.2 Monitoring and Adaptive Management
Monitoring and adaptive management are important for the success of a riparian restoration
project. These exercises and tools allow for critically assessing the progress of a project and the
ability to intervene with contingency plans if it is off-track (Hilderbrand et al. 2005). This ability
to correct problems encountered during a restoration project requires that the project be
considered a long-term experiment (Pastorok et al. 1997).
2.4

Challenges

There are many challenges faced when executing a restoration plan. The more planning can be
done for unforeseen problems, the better. However, there is always limited time and funding
for planning (SER 2004). The challenge of a restoration project being a long-term experiment is
that it requires long-term monitoring and long-term funding. Most resource agencies, such as
the CDFW and SWRCB have limited funds and personnel to closely follow a restoration project
to its completion.
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Replacing habitat value lost with the same level of habitat or better is challenging. Ambrose et
al. (2007) conducted a review of compensatory wetland mitigation projects that obtained 401
permits throughout California. Permit file reviews and field evaluations, using the California
Rapid Assessment Method, were completed for 143 permits assessing compliance with
mitigation conditions. Ambrose et al. found that for the most part, permittees were following
their required permit conditions, although 25% – 30% were not met; however, the
compensatory wetland mitigation projects rarely culminated in high quality wetlands (2007).
Also, resource managers have challenges when approaching restoration projects from a
watershed or landscape scale. Riparian areas are often vast and extend along privately and
publicly held lands, in which case many landowners may hold small pieces of a larger riparian
area. Managing the entire riparian area effectively is then challenging and leads to cumulative
impacts that negatively affect riparian functions due to projects being piecemealed (Stein and
Ambrose 1998).
2.5

Chapter Summary

Because riparian restoration is a complex and an evolving area of ecology, it requires a multidisciplinary approach among scientists of different disciplines, as well as resource managers,
agency personnel, and public interest groups (D’Antonio and Meyerson 2002; Dudley and Bean
2012). When planning a riparian restoration project, it is important to look at the critical
elements of riparian restoration, which include: the watershed, surrounding land use, adjacent
habitat, and riparian buffers (Honey-Roses et al. 2013; Anderson and Poage 2014; Queheillalt);
special-status species, endangered species, and habitat type and structure (Queheillalt and
Morrison 2006; Sharp and Kus 2006; Kus 1998; Dudley and Bean 2012); invasive species control
(Watts and Moore 2011; Stein et al. 2000; Hall and Gaffney 2010); water quality and hydrology
(Honey-Roses et al. 2013; Stein and Ambrose 1998); and soil and soil microbial communities
(Harris 2009).
When evaluating the “success” of an urban riparian restoration project, it should be assessed
differently than a rural pristine riparian area. Urban riparian restoration projects tend to focus
22

on water quality improvement, infrastructure protection, removal of invasive non-native
species for fire prevention, recreation and aesthetics (Kenney et al. 2012; Stein et al. 2000;
Watts and Moore 2011). When planning any restoration project, but especially urban riparian
restoration projects, there should be realistic goals and objectives (Hilderbrand et al. 2005).
Monitoring and adaptive management are critical for the success of a riparian restoration
project because they allow for critically assessing the progress of a project and the ability to
intervene with contingency plans if it is off-track (Hilderbrand et al. 2005). This ability to correct
requires that the restoration project be considered a long-term experiment (Pastorok et al.
1997), which can be challenging because that requires long-term monitoring and long-term
funding not often available.
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3.

Methods Used to Evaluate Riparian Restoration Projects

There are many methods that have been used to evaluate riparian restoration projects and
success criteria. Some methods have different spatial scales, including small habitat patches
within individual projects, to watershed and regional scales. Site-specific methods include the
Hydrogeomorphic Method and the Index of Biotic Integrity. Large-scale methods include the
Synoptic Approach, which results in more general information. Also, different methods require
varied amounts of effort and expertise. Two very rapid methods include the Wetland Rapid
Assessment Procedure and the Descriptive Approach, whereas the Bay Area Watersheds
Science Approach and the Habitat Evaluation Procedure are more time consuming and require
greater expertise. The majority of the methods are similar in overall approach, but vary in the
details of data collection (Collins et al. 2008). According to Stevenson and Hauer, the most
useful methods “…focus on the visible, physical and/or biological structure of wetlands and
rank or categorize wetlands along one or more stressor gradients” (2002). For the purposes of
this research, only the SER, CDFW, and CRAM methods discussed in Chapter 1 are reviewed and
evaluated.
3.1

Society for Ecological Restoration (SER)

The Society for Ecological Restoration (SER) published The SER International Primer on
Ecological Restoration (hereafter referred to as the SER Primer), which describes its approach to
restoration, monitoring, and evaluation (2004). The SER Primer defines ecological restoration as
“the process of assisting the recovery of an ecosystem that has been degraded, damaged, or
destroyed.” The SER primer lists nine attributes that are used to determine when restoration
has been successful. Restoration does not need to meet the full definition of these attributes,
but should show that the proper course of ecosystem development is headed towards the
preconceived goals and objectives. Some of these attributes are easy to measure, while some
have to be evaluated indirectly. Most ecosystem functions must be assessed indirectly and
usually require research that goes beyond what is allowed by the abilities and funding for a
majority of restoration projects. The SER nine attributes of restored ecosystems are as follows:
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1. “The restored ecosystem contains a characteristic assemblage of the species that
occur in the reference ecosystem and that provide appropriate community structure.
2. The restored ecosystem consists of indigenous species to the greatest practicable
extent. In restored cultural ecosystems, allowances can be made for exotic
domesticated species and for non-invasive ruderal and segetal species that
presumably co-evolved with them. Ruderals are plants that colonize disturbed sites,
whereas segetals typically grow inter-mixed with crop species.
3. All functional groups necessary for the continued development and/or stability of the
restored ecosystem are represented or, if they are not, the missing groups have the
potential to colonize by natural means.
4. The physical environment of the restored ecosystem is capable of sustaining
reproducing populations of the species necessary for its continued stability or
development along the desired trajectory.
5. The restored ecosystem apparently functions normally for its ecological stage of
development, and signs of dysfunction are absent.
6. The restored ecosystem is suitably integrated into a larger ecological matrix or
landscape, with which it interacts through abiotic and biotic flows and exchanges.
7. Potential threats to the health and integrity of the restored ecosystem from the
surrounding landscape have been eliminated or reduced as much as possible.
8. The restored ecosystem is sufficiently resilient to endure the normal periodic stress
events in the local environment that serve to maintain the integrity of the ecosystem.
9. The restored ecosystem is self-sustaining to the same degree as its reference
ecosystem, and has the potential to persist indefinitely under existing environmental
conditions. Nevertheless, aspects of its biodiversity, structure and function may
change as part of normal ecosystem development, and may fluctuate in response to
normal periodic stress and occasional disturbance events of greater consequence. As
in any intact ecosystem, the species composition and other attributes of a restored
ecosystem may evolve as environmental conditions change” (2004).
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Additional attributes should be included in this list if they are recognized as goals or objectives
of the restoration project (SER 2004). For example, restoration goals could include ecosystem
services that provide a benefit to society, such as improved water quality, recreational fishing,
and aesthetic beauty. Another goal could be to restore habitat for a specific special-status
species. Goals can also focus on social outcomes, such as educating the community about the
environment and bringing them together to collectively work on a restoration project (SER
2004).
The SER Primer goes into detail defining ecological terms such as ecosystem, habitat, landscape,
degradation, reference ecosystem, ecological trajectory, biodiversity, genetic fitness, and
resilience to name a few (SER 2004). These technical terms are explained for readers who are
not ecologists and to minimize the potential for misunderstandings. For the purposes of this
review, these explanations of terms will not be discussed.
The SER Primer includes a section about reference ecosystems and using them for planning and
evaluating a restoration project (SER 2004). The SER Primer suggests using multiple reference
sites and other sources because a single reference site could represent one state within a
historic range of possible variations of that ecosystem type. There are many sources of
information that can be utilized in the description of a reference site. These descriptions
include:
•

“ecological descriptions, species lists and maps of the project site prior to
damage;

•

historical and recent aerial and ground-level photographs; remnants of the site to
be restored, indicating previous physical conditions and biota;

•

remnants of the site to be restored, indicating previous physical conditions and
biota;

•

ecological descriptions and species lists of similar intact ecosystems;

•

herbarium and museum specimens;
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•

historical accounts and oral histories by persons familiar with the project site
prior to damage;

•

paleoecological evidence, e.g. fossil pollen, charcoal, tree ring history, rodent
middens” (SER 2004).

The SER Primer emphasizes that the more information that can be gathered about a reference
site, the more useful it is for a restoration project; however, limited time and funding are
always a constraint (SER 2004). At the minimum, a baseline ecological catalog of the primary
attributes of the abiotic environment (e.g., soil type, presence of water, average temperatures,
sunlight availability, elevation, and aspect) and the biotic environment (e.g., species
composition and community structure) should be documented. Also, the usual cyclical stress
events that retain ecosystem stability should be noted (e.g., droughts, floods, fire). Sites that
were historically used for cultural purposes (e.g., traditional fishing grounds, recreational areas)
should include descriptions of cultural practices to assist in optimal restoration and future
management (SER 2004).
Describing a reference site can be complicated by several factors that are important to
recognize up front to make sure they are useful and qualitatively sound (SER 2004). First, is that
a reference site is usually chosen because of its mature state of biodiversity, whereas a
restoration site is usually in an earlier phase of ecological processes. The tricky part is to figure
out how the reference site was in an earlier stage of development for restoration project
planning as well as evaluation. It becomes easier if the restoration project is already at an
advanced developmental stage to compare directly with the reference site, versus a highly
disturbed site that has been stripped of vegetation and top soil. Second, except for the most
pristine reference sites, nearly all reference sites will have had some form of negative
anthropogenic impacts that should be assessed and not be duplicated in the restoration site.
Therefore, an experienced professional in ecological sciences should prepare the description of
the reference site (SER 2004).
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The SER Primer points out that when determining the detail that is necessary in the reference
description, it is critical to have restoration project goals in writing (SER 2004). The goals should
reflect the size of the restoration project. General goals are often used for large, landscapescale restoration projects and the description of the reference site can be equally general. The
most useful information for the description of this type of reference may be aerial photographs.
More specific goals are often used for small restoration projects and the description of the
reference site may necessitate more detailed information, such as on-site data collection from
small plots (SER 2004).
For most restoration projects, the minimization or eradication of non-native invasive species is
usually a project goal (SER 2004). However, this goal can be very costly and have logistical
challenges and should be approached realistically. Also, not all non-native species are invasive
or compete with native species. Some non-native species play important ecological roles, such
as cover crops and nitrogen fixers. The focus of exotic species control should be on invasive
species that compete with targeted native species and pose the greatest threat to the
restoration project and landscape at a regional scale. Each non-native invasive species should
be evaluated for its potential threat and policies should be implemented to treat that species
based on its biology, cost of control, and logistical implementation (SER 2004).
The end result of a well-planned restoration project is to meet the goals that were outlined
prior to the start of the project, which represent the key attributes of the reference sites (SER
2004). It is critical to have clearly written goals and objectives for purposes of monitoring and
evaluating a restoration project. The goals are ideals based off the reference sites, and the
objectives are tangible steps taken to achieve these goals. When evaluating a restoration
project, two basic questions should be asked: “Were the objectives accomplished? Were the
goals fulfilled?” If the goals and objectives were not clearly stated prior to the implementation
of the restoration project, then these questions cannot be answered adequately (SER 2004).
Of course, a restoration project will never be exactly like any one reference site because
ecosystems are complex and reference sites have evolved on a different timeline than the
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project site (SER 2004). This is one of the reasons that more than one reference site should be
used for comparison to the restoration site. Also, because there are so many ecosystem
variables that can be used in the evaluation of a restoration project, which ones to measure
based on a reasonable amount of time and effort, as well as budget constraints, should be
considered prior to project implementation and built into the restoration plan (SER 2004).
A restoration project’s objectives are assessed on the basis of success criteria, or performance
standards (SER 2004). Success criteria are created from knowledge gained from the reference
sites and yield verifiable information on the status of the objectives and whether or not they
have been met. Prior to the implementation of a restoration project, the project objectives,
success criteria, monitoring protocols, and data evaluation should be included in the
restoration plan. If the data evaluation shows that success criteria have been met, then it is
most likely that the project objectives were successful. Getting to this point usually takes
several years of monitoring and may require adaptive management along the way. If the
project objectives were reached, then the restoration site will probably be resilient enough to
stand on its own and not require any more work by the restoration professional (SER 2004).
Once the project objectives have been met, it is presumed that the project goals have also
been, or will shortly be, achieved (SER 2004). However, this presumption is not always the case
as the objectives and success criteria that were created may end up being insufficient or
environmental factors may alter the desirable course of restoration. Because of this, and
because goals are ideals that are not easy verifiable measurements, using professional
judgment with some subjectivity is unavoidable when evaluating goals (SER 2004).
The SER Primer discusses three strategies for performing restoration evaluations: direct
comparison, attribute analysis and trajectory analysis (SER 2004). In direct comparison, specific
parameters are chosen or measured in the reference and restoration sites, which could be up
to 20 or 30 parameters representing the biotic and abiotic environment. However, when the
data of some direct comparisons are similar and others are not, it can cause uncertainty in the
meaning of the results. The best approach in direct comparison may be to cautiously and
29

thoughtfully choose a logical variety of characteristics that together fully represent an
ecosystem (SER 2004).
In attribute analysis, the nine attributes previously described above are evaluated and
quantifiable and semi-quantifiable data from monitoring and other information gathering and
recording are used in determining the extent to which each goal has been reached (SER 2004).
In trajectory analysis, data is routinely taken at the restoration site and charted to determine
trends (SER 2004). This is a more recent developing form of evaluation used for explaining and
understanding large sets of comparative data. If trends move in the direction of the reference
site conditions, then it can be ascertained that the restoration project is continuing along its
preconceived course to the ultimate goals (SER 2004).
Evaluations that include goals and objectives relating to cultural, economic and other societal
issues, may require techniques of evaluation from those specific social sciences (SER 2004).
Policy-makers and stakeholders find the evaluation of socio-economic goals important when
debating whether to authorize and fund restoration projects (SER 2004).
The SER Primer encompasses everything from planning, implementation, monitoring and
evaluation of a restoration project. It focuses on attribute analysis for determining success
criteria, but also emphasizes the use of best professional judgement and subjectivity when
evaluating a restoration project. The SER Primer highlights the fact that each restoration site
and reference site is unique and restoration practitioners should keep that in mind when
carrying out a restoration project. The limitations of the SER Primer is that it does not provide
standardized forms for data recording, and does not provide a centralized location to store
information for tracking purposes or information sharing, such as a website or database. Also,
Ruiz-Jaen and Aide (2005) found that three of the SER Primer attributes are seldomly evaluated
in restoration projects (#4, #6, and #9 listed above), because they either require data
collections outside of the project area or long-term monitoring. Ideally, all nine attributes
would be included in a restoration project, but realistically, the ones that should be included at
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a minimum measure diversity, vegetation structure, and ecological processes are essential
(Ruiz-Jaen and Aide 2005).
3.2

California Department of Fish and Wildlife (CDFW)

The California Department of Fish and Wildlife created the California Salmonid Stream Habitat
Restoration Manual (hereafter called Manual) to describe and explain its approach to fish
restoration, with a primary focus on salmon, steelhead, and trout (Flosi et al. 2010). The
Manual came out of The Salmon, Steelhead Trout, and Anadromous Fisheries Program Act of
1988 (Chapter 1545/88), which made it a high priority and state policy to restore anadromous
fish. The Manual is intended as a guide to assist in the restoration of California’s coastal salmon
and steelhead watersheds and streams; however, the basic techniques for habitat assessment
can be applied for any fluvial fish species (Flosi et al. 2010).
The Manual stresses the importance of having specific goals and objectives for restoration
projects, and that through monitoring, it can be determined if the desired goals and objectives
have been met (Flosi et al. 2010). For the purposes of this review, only Part VIII Project
Evaluation and Monitoring of the Manual will be discussed and includes the following approach
to planning, implementing, and evaluating riparian restoration projects. The evaluation of a
restoration project starts long before the project is implemented. All restoration projects
should undergo a pre-project assessment and information should be gathered to assist in the
planning and implementation of the project. Historic information is critical for a restoration
project in determining targets and expectations for habitat restoration and possible outcomes.
There is historic data that should be collected on the watershed and surrounding land use,
stream channels and tributaries, riparian vegetation, and fish and wildlife species. Historic
watershed and surrounding land use information should include information about the history
of the watershed, as well as what types of land use and impacts have occurred throughout the
watershed over time. Historic stream information should include channel type, habitat type,
instream sediment storage and transport, and stream flow and water temperature patterns.
Historic riparian vegetation information should include the community species and densities.
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Historic fish and wildlife species information should include aquatic and other wildlife species,
abundance indices, and distribution (Flosi et al. 2010).
Information collected pre-project, describing current conditions, is also important to provide a
baseline to evaluate the project effects (Flosi et al. 2010). Pre-project data that should be
collected includes existing watershed conditions and land uses; existing channel and habitat
types throughout the proposed reach of the project; existing water quality and flow and
temperature patterns; existing riparian vegetation species and densities; existing aquatic
species, abundance indices, age structure, and distribution; existing spawning substrate
availability and fine sediment composition; and photographs of specific proposed restoration
sites (Flosi et al. 2010).
Once a project has been implemented and completed, documentation should be done
immediately describing the work that was actually done (Flosi et al. 2010). This documentation
should include the exact location along the tributary where restoration was implemented with
a reference point (e.g., bridge) and a measurement and direction from the reference point to
the point where restoration starts, as well as the project length along the tributary. If installing
structures, such as in-stream large woody debris, the number and locations of the installations
should be noted. Design drawings of the implemented project along with “as-built” descriptions
should be included. Photographs of the project site should also be taken from designated
viewing points that can be revisited in the future. Information regarding habitat provided by the
restoration project should be provided, along with the objectives of specific restoration
treatments. Written descriptions of riparian restoration projects should be supplemented with
before and after photos and plant surveys. Documentation of the cost of the total restoration
project, as well as specific treatments if a large project, should be maintained and can be
particularly useful when there are multiple projects and locations under one contract (Flosi et
al. 2010).
According to the Manual, the final project description for a restoration project should be
comprised of enough information to allow a person to: 1) find the exact location where a
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restoration project was implemented years after the project was complete; 2) understand how
the original restoration project was implemented and situated; and 3) establish what the
objectives of the restoration project were and determine the result (Flosi et al. 2010).
To guarantee that the necessary information has been documented, such as background,
location, and treatment, the Manual includes a “Project Site Completion Form” that should be
filled out for each project (Flosi et al. 2010). Any evaluations after that should utilize the
“General Project Information Form,” to supply a project assessment summary, and the
“Individual Structure or Site Form” to document the evaluation of each individual treatment
within the larger project. Also, a “Project Site Completion Form” must be completed and
immediately submitted to CDFW for any projects administered or implemented by CDFW in
northern and central California in which a USCOE General Permit No. 22323 N was issued. The
Manual contains instructions for completing the “Project Site Completion Form” as well as the
form itself (Flosi et al. 2010).
The Manual discusses the process of post-project evaluations and gives guidance for this work
(Flosi et al. 2010). An independent person or group not previously connected to the restoration
project should perform the post-project assessment. This independent assessment makes the
chances of an objective and credible review greater. The first post-project assessment should
happen within one to three years after a project has been completely implemented, and the
project should have been exposed to at a minimum one, but not more than three, winter’s high
flow, to discern and rectify issues necessitating adjustment or maintenance. This timing allows
for adaptive management. Both physical and biological factors are taken into account during
post-project assessments, not unlike those reviewed during pre-project data collection. When
both pre-project and post-project data are accessible, it is easier to measure, understand, and
compare the physical features of a restoration project. Physical features and biological
parameters, such as vegetation and/or invertebrate communities, can be used to evaluate
habitat quality. However, biological data - particularly salmonid data - are harder to gather and
understand, and drawing connections between salmonid population responses to restoration
projects usually involves collecting many years of data to discern trends (Flosi et al. 2010).
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The habitat project evaluation forms were created by CDFW for assessing riparian restoration
projects (Flosi et al. 2010). These forms assist in the evaluation of restoration projects and
provide a means of documenting the success and effectiveness of a particular project. The
“General Project Information Form” includes background information that covers an entire
restoration project or contract and should be completed by the contract administers
immediately after a project has been implemented to provide accurate information. The
original project proponents or contract administrators usually have pre-project data, project
design, and objectives information. This form identifies what project information is available
and where it can be found. Also, important stream information needed to conduct an
evaluation is included in the form. Evaluations of each structure installation or habitat
treatment is documented on the “Individual Structure or Site Form”. These forms also have a
summary of important project background and stream information, which can be cross
referenced to the “General Project Information Form.” Professionals trained in restoration
ecology should complete the project evaluations. If a project does not have enough background
or design information provided, individuals having first-hand knowledge of the project should
be consulted, such as the project proponent or contract administrator (Flosi et al. 2010).
Most of the “Individual Structure or Site Form” numerical instructions apply to evaluations of
instream structure installations - large woody debris, boulders, and root wads - for salmonid
habitat (Flosi et al. 2010). One numerical instruction (#28) refers to revegetation and requires
documentation of the type of species planted, average height, and average density. For projects
that are mature or have been isolated due to fencing, density can be documented as sparse,
moderate, or very dense. The evaluation should also include documentation of the dominant
plant species, if possible. Photos of each restoration treatment should also be included in the
assessment. These photos should be labeled appropriately with date, location, and direction
(Flosi et al. 2010).
In an interview with Kris Vyverberg (2015), a Senior Engineering Geologist with the CDFW, she
noted that there are large sections of the Manual that need to be updated and she believes it is
the fisheries restoration grants program intention to do so in the near future. However, when
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those revisions will take place is unknown at this time. She acknowledged that the Manual has
limitations because the focus is primarily on salmonid habitat restoration, and not specifically
riparian restoration. This means it really only applies to central and northern California coastal
streams that support (or once supported) salmonids, and it would be difficult to apply it to even
some of the central coast perennial streams. The Manual is not focused on riparian restoration
projects; however, it does get used for those types of projects. This can be a problem because
the Manual may not be the appropriate evaluation tool and important factors can be missed,
especially in areas with little riparian vegetation (Vyverberg 2015).
The method most typically used by CDFW for restoration projects resulting from mitigation
requirements due to impacts from projects to a stream (i.e., bridges, roads, culverts, bank
stabilizations, utilities), is the use of permit conditions included in CDFW 1602 Lake and
Streambed Alteration Agreements (referred to as 1600 Permit). These conditions tend to be
narrowly focused on the restoration of vegetation cover and do not usually address other
ecosystem functions and ecosystem services. However, restoration plans are often a condition
of the 1600 Permit and are to be submitted, reviewed and approved by CDFW prior to
implementation, which may address ecosystem functions and ecosystem services. Below are a
few examples of conditions CDFW has used in the past.
“To ensure a successful revegetation effort, all plants shall be monitored and maintained
as necessary for five years. All planting shall have a minimum of 80% survival at the end
of 5 years and shall attain 70% cover after three years and 75% coverage after 5 years.
If the survival and/or cover requirements are not meeting these goals, the Operator is
responsible for replacement planting, additional watering, weeding, invasive exotic
eradication, or any other practice, to achieve these requirements. Replacement plants
shall be monitored with the same survival and growth requirements for five years after
planting. An annual status report on the mitigation shall be provided to the Department
of Fish and Wildlife by December 31 of each year. This report shall include the survival,
percent cover, and height of both tree and shrub species. The number by species of
plants replaced, an overview of the revegetation effort, and the method used to assess
these parameters shall also be included. Photos from designated photo stations shall be
included” (CDFW 2005).
35

This permit condition focuses on plant survival and percent cover. This is a typical CDFW permit
condition that is sometimes used with very few other supporting conditions or requirements.
This permit condition does not address habitat value, structure of plants (understory, mid-story,
canopy), or biodiversity.
“A vegetative cover or density, and species richness shall be, where appropriate,
sufficient to stabilize the surface against the effects of long-term erosion and shall be
similar to naturally occurring habitats in the surrounding area. The vegetative density,
cover and species richness of naturally occurring habitats shall be documented in
baseline studies or documentation provided to the Department in the management plan.
However, for areas that will not be reclaimed to prior conditions, the use of data from
reference areas in lieu of baseline site data is permissible” (CDFW 2011).
This permit condition is vague, although it does require a management plan be provided to
CDFW. However, it does not say that the Department (CDFW) shall review and approve the
management plan prior to implementation. Also, the condition is not specific as to all that the
management plan should include, such as: goals and objectives, number and location of
reference sites, plant species to be planted and how many of each species, site map showing
where the vegetation will be planted, pre-installation treatment of the site (e.g., weeding by
hand or spraying, soil treatments, etc.), how plants will be installed and any hardware that will
be used (i.e. filter fabric, staples, screens, fencing, irrigation, etc.), maintenance activities (i.e.
watering, weeding, fixing hardware), and adaptive management techniques. By using a more
comprehensive permit condition, the expectations are stated from the beginning and could
help alleviate any misunderstandings about what is expected.
“Revegetation shall be with native species. Disturbed areas shall be revegetated with
propagules (seeds, cuttings, divisions) of locally-collected native plants. Disturbed areas
shall be protected with correctly installed erosion control measures (jute, straw, coconut
fiber erosion control fabric, and coir logs straw)” (CDFW 2011).
Again, this permit condition is vague and does not discuss how many plants are required for
revegetation, or the species of plants. It also does not define what “locally-collected” means.
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Does it mean plants collected within 50 miles or 100 miles? Even if the plants or seeds are
collected locally, can they be grown or propagated by a nursery outside of the local area?
Restoration projects permitted under the CDFW 1600 permit require annual monitoring
reports. These annual monitoring reports may be required for 3 years, 5 years, or 10 years,
depending on the project type and its success. The annual reports should include the following
(CDFW Lake and Streambed Alteration Program 2015):
•
•
•
•

The survival, percent cover, and height of both tree and shrub species
The number of species of plants replaced
An overview of the vegetation management effort, and the method used to asses
these parameters
Before and after photos from the designated photo stations

If the restoration project does not meet the success criteria specified in the management plan
or required by a permit condition, the project usually has to continue being managed and
monitored until it does meet the success criteria. However, resources to track and enforce all of
these projects by CDFW are limited and many slip through the cracks.
In conclusion, the CDFW Salmonid Stream Habitat Restoration Manual includes details
regarding planning, implementation, monitoring, evaluation, and reporting of restoration
projects. The Manual provides data forms to record field information and instructions for
submitting them to CDFW. The limitation encountered with using the Manual for all riparian
restoration projects in California, is that it is very specific to California coastal streams that
support, or once supported, salmonids. Many streams in California have limited riparian
vegetation or fish habitat naturally. Therefore, the Manual has its limitations for application to
all riparian restoration projects in California.
Finally, the CDFW 1602 Lake and Streambed Alteration Agreements include permit conditions
for riparian restoration, depending upon the type of project and mitigation requirements. The
permit conditions can be very detailed and require restoration plans be submitted to CDFW for
review and approval. In some cases, restoration plans are not required, but permit conditions
are included in the 1602 Permit with restoration implementation methods, monitoring
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requirements, success criteria, and reporting requirements. However, often times the permit
language is vague, hard to enforce, and usually has little follow through due to lack of agency
funding and personnel. Also, these permit conditions tend to be narrowly focused on the
restoration of vegetation cover and do not usually address other ecosystem functions and
ecosystem services. Working closely with resource agency personnel can help alleviate
communication problems and make the final project a success.
3.3

California Rapid Assessment Method (CRAM)

The California Rapid Assessment Method for Wetlands User’s Manual, or CRAM, was developed
by resource managers and regulatory agencies such as the State Water Resources Control
Board, Regional Water Quality Control Boards, California Department of Fish and Wildlife,
United States Army Corps of Engineers, Unites States Environmental Protection Agency, and
California Coastal Commission, to name a few; science-based NGOs; private consultants; and
academic institutions throughout the state (Collins et al. 2008). The overall goal of CRAM is to:
“Provide rapid, scientifically defensible, standardized, cost-effective assessments of the status
and trends in the condition of wetlands and the performance of related policies, programs and
projects throughout California” (Collins et al. 2008). There were four coastal Regional Teams
and a statewide Core Team that provided a wide range of scientific and administrative expertise
to ensure that CRAM would be applicable across the state. Resource managers and regulatory
agencies realized that large amounts of public and private money is being invested in policies,
programs, and projects to conserve, restore, and manage wetlands in California; however,
evaluating the success of these investments has been difficult because of the lack of
monitoring, inconsistency of monitoring methods of individual wetland areas, and questionable
data quality. Also, monitoring results are not easily available to evaluators and policy makers.
CRAM was developed to address these issues (Collins et al. 2008).
CRAM, like the majority of other rapid assessment methods, makes the basic assumption that
ecological conditions differ predictably along gradients of stress and can be assessed based on a
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fixed set of discernible indicators (Collins et al. 2008). CRAM metrics were based on the
following three criteria:
“the method should assess existing conditions, without regard for past, planned, or
anticipated future conditions;
the method should be truly rapid, meaning that it requires two people no more than one
half day of fieldwork plus one half day of subsequent data analysis to complete; and
the method is a site assessment based on field conditions and does not depend largely
on inference from data, existing reports, opinions of site managers, etc.” (Collins et al.
2008).
CRAM is grounded on a series of presumptions about the interactions among internal and
external hydrologic, biotic, and abiotic processes, and how they interact spatially and
temporally (Collins et al. 2008). First, CRAM presumes that the main determinants of wetland
condition are water and sediment quantities and qualities that are processed internally (onsite) or externally (between the site and its adjacent surroundings). Second, climate, geology,
and land use are the controlling factors in the amount of water and sediment in any system.
Third, natural disturbance is ruled by climate and geology, however, land use causes
anthropogenic stress. Fourth, the quantity and quality of water and sediment affected by
climate, geology, and land use can be somewhat mitigated by vegetation. For example,
vegetation is used for creek bank stabilization, to catch sediment loads, filter contaminants,
provide canopy leading to cooler temperatures, and create a wind break. Fifth, stress typically
comes from outside the wetland and the adjacent landscape or the watershed as a whole.
Sixth, surrounding buffer zones can mitigate stress on a wetland (Collins et al. 2008).
CRAM is a rapid method of evaluation that allows for just two or more trained professionals
working as a team in the field for one half day or less to determine the overall wellbeing of a
wetland (Collins et al. 2008). Prior to conducting a field visit, practitioners of CRAM research
and review background information about the history and ecology of the wetland, including
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anthropogenic stressors and natural disturbances. Background materials could include maps of
USGS topographic quadrangles, State Wetlands Inventory, National Wetlands Inventory (NWI),
and maps of roads, geology, soils, vegetation, and land use. Also, aerial photos over time are
helpful in seeing changes to the landscape. Search results from the California Natural Diversity
Database (CNDDB) (CDFW 2015) are important to know what sensitive plant and animal
sightings have been recorded in the area of focus. Pertinent reports on restoration and
mitigation projects, management plans, Habitat Conservation Plans, environmental impacts,
hydrology and geology, soils, land use, and cultural history from open space districts, water and
flood control districts, and state and federal agencies, can be extremely informative and useful
(Collins et al. 2008).
The second step of CRAM is to classify the wetland type using the CRAM manual (Collins et al.
2008). Practitioners select the best group of descriptions for conditions they observe in the field
from the poorest frequently notable to the ultimate attainable for the type of wetland being
evaluated. CRAM recognizes six major types of wetlands, including riverine wetlands, lacustrine
wetlands, depressional wetlands, slope wetlands, playas, and estuarine wetlands. Of the six
major types of wetlands, four of them also have sub-types. Sub-types within the riverine
wetlands type include: confined riverine wetlands and non-confined riverine wetlands. Subtypes within the depressional wetlands include: individual vernal pools, vernal pool systems,
and other depressional wetlands. Sub-types within the estuarine wetlands include: perennial
saline estuarine wetlands, perennial non-saline estuarine wetlands, and seasonal estuarine
wetlands. Sub-types within the slope wetlands include: seeps and springs, and wet meadows.
Playas and lacustrine wetlands types do not have sub-types (Collins et al. 2008).
There are four main attributes describing the condition of each wetland type, which include
landscape context and buffer, hydrology, physical structure, and biotic structure (Collins et al.
2008). Within those four attributes are metrics. The metrics within the attribute for landscape
context and buffer include: landscape connectivity, percent of assessment area (AA) with
buffer, average buffer width, and buffer condition. The metrics within the attribute for
hydrology include: water source, hydroperiod or channel stability, and hydrologic connectivity.
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The metrics within the attribute for structure are two- part, under physical and biotic. The
metrics within the physical structure attribute include: structural patch richness and
topographic complexity. The metrics within the biotic structure include: number of plant layers
present or native species richness (vernal pools only), number of co-dominant species, percent
invasion, horizontal interspersion and zonation, and vertical biotic structure (Collins et al.
2008).
The third step of CRAM is to verify the appropriate assessment window, or season and other
timing factors for the field site evaluation (Collins et al. 2008). Assessment windows vary
depending on the wetland type. Generally, the assessment window for the particular wetland
type being evaluated depends on the growing season for the characteristic vegetation
community. The main growing season in areas that do not have snow and are not tidally
influenced is between March and September; however, it can start earlier at lower altitudes
and latitudes. In areas where it snows, the growing season may not start until May or early
June, depending on how much snow was received in a particular year. For seasonal wetlands,
such as vernal pools, playas, and some seeps, the growing season is usually between March and
June; however, vernal pools can have a much shorter growing season. Regional variation is
important to note and there are clues that one can look for in any particular wetland type,
including early evidence of new plant growth, and the subsequent break down and decay of the
plants. CRAM specifically indicates that riverine wetlands should not be evaluated when high
water is present. This restriction is because some key indicators of the state of channel could be
hidden under water, and it can be dangerous for the practitioner due to high flows. The best
time to evaluate riverine wetlands is in the late growing season, close to the beginning of base
flow (Collins et al. 2008).
The fourth step of CRAM is to establish the assessment area (AA), which is the area of the
wetland that is being evaluated and might include the whole wetland if it is small, but usually
includes a portion of the larger wetland area (Collins et al. 2008). In order to obtain accurate
CRAM results that are reproducible and incorporate stressors or management measures, it is
important to correctly determine the AA. There are guidelines that practitioners of CRAM must
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follow, which include the following: every AA must only include one wetland and not
neighboring wetlands, even if they are the same type; every AA must only constitute one
wetland type even if there are contiguous varying types of wetlands, or one type of wetland is
encapsulated within another; and every AA must be categorized using the CRAM wetland type
and it must be evaluated using the metrics developed for its particular wetland type. Also,
hydro-geomorphic integrity and size are the critical factors in standardizing the AAs for any
particular wetland type. CRAM includes special considerations and guidelines for defining the
AAs of riverine wetlands and riparian areas (Collins et al. 2008).
The fifth step of CRAM is to conduct an initial office assessment of condition metrics and
stressors (Collins et al. 2008). This exercise includes compiling the site information, maps, and
aerial imagery, logistical planning for the site evaluation, and gathering and reviewing site
management information including potential anthropogenic stressors. Based on this
information, some initial CRAM scores can be started for certain metrics before the field site
evaluation. It is important to note that any initial scoring of metrics must be confirmed during
the field site visit (Collins et al. 2008).
The sixth step of CRAM is to conduct the field site evaluation of condition metrics and stressors
(Collins et al. 2008). Once the background research has been done and information compiled
about the chosen wetland, a field site evaluation is warranted. The fieldwork involves locating
and verifying the AA boundaries, and using the condition metrics and stressor checklist to score
the AA. If the originally designated AA boundary is changed at all in the field, it must be
documented on the site imagery (Collins et al. 2008).
The seventh step of CRAM is to complete the scoring and basic QA/QC procedures (Collins et al.
2008). It is easy to calculate the scores for CRAM and does not involve any weighting of metrics
or attributes. Based on the component scores for the attributes and their metrics, an overall
score is produced for each area evaluated. The highest potential score constitutes the optimal
state that is likely to be reached for the wetland type being evaluated. Therefore, the overall
score for a particular wetland is indicative of its health compared to the optimal state for that
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type of wetland. However, land uses can restrict local conditions and should be taken into
account when looking at wetlands from various land use settings (Collins et al. 2008).
The eighth step of CRAM is to upload CRAM results into the regional and statewide data
systems (Collins et al. 2008). A crucial aspect of a successful environmental assessment and
monitoring program is information management. CRAM is very useful in that it has online
information systems support and a public website (www.cramwetlands.org) with downloadable
versions of the User’s Manual, training materials, an electronic version of CRAM (eCRAM), and
access to an open-source database that allows registered CRAM practitioners to upload, view,
and download CRAM results. The public also has access to view CRAM results (Collins et al.
2008).
An important aspect of CRAM is that it is a cost-effective method of monitoring and evaluating
the state of wetlands ranging from individual wetlands to watersheds to regional areas (Collins
et al. 2008). Restoration projects always have budget constraints, and CRAM is an efficient
management tool that could be used with a very small budget as well as a large budget (Collins
et al. 2008).
CRAM could also be used in other applications including: preliminary assessments of
restoration projects to determine if more traditional in-depth review or monitoring are
necessary; assisting in regulatory review of the Clean Water Act Section 401 and 404, the
Coastal Zone Management Act, CDFW 1600 Permit, or local regulations by providing additional
wetland information; aiding in the evaluation and monitoring of restoration projects with the
technique for a rapid assessment of restoration progress. However, CRAM was not intended to
replace any existing agency processes or evaluation and monitoring techniques and should be
used to complement individual agency processes at the agency’s discretion (Collins et al. 2008).
Despite all of the collaboration and work that has gone into creating CRAM, it still has
limitations and criticisms, as well as cautionary use guidelines. For one, CRAM can produce
artificially low scores for certain wetland types that do not seem to be structurally complex
(Collins et al. 2008). Kris Vyverberg (2015), a Senior Engineering Geologist with the CDFW, has
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expressed several concerns with the use of CRAM and has discouraged the CDFW from
embracing it as a method to be applied in relation to streams and riverine wetlands statewide
until some problems with it can be resolved. Vyverberg’s discomfort with accepting it as a
monitoring tool is that it is put forward as the California monitoring tool, but it is really
developed for the more iconic perennial water bodies with riparian vegetation that are in
California, which is not what most of California streams are like. Most of the streams in
California are intermittent and ephemeral streams and CRAM does not effectively address the
streams in the more classically Mediterranean parts of the state; therefore, it is not a good tool
for evaluating habitat quality on an intermittent stream in the Modoc Plateau, or the Southern
San Joaquin, or anywhere in the Mojave Desert or Sonoran Desert, or the Great Basin
(Vyverberg 2015).
Vyverberg also thinks that CRAM does not seem to have much of an appreciation for the role of
disturbance and the way that it resets and recalibrates the stream ecosystem (2015). For
example, bank erosion is a disturbance, but one that provides habitat for bank swallows. If
there is no bank erosion, there will be no habitat for bank swallows. Another example is gravel
bars, which require flood events that move water out of the channel and strip all of the inchannel vegetation off of the gravel bars. This vegetation stripping reactivates and turns over
the gravel bar substrate, resetting it and making it appropriate for many different species that
use the gravel bar areas for spawning. When such disturbance occurs and is evaluated using
CRAM, it produces a lower score because the vegetation structure is gone. But, is that a bad
thing or good thing? Vyverberg thinks that it is an ecological resetting that is part of the natural
stream cycle and is opposed to scoring that as having a lesser value just because it does not
have the perfect perennial stream riparian vegetation cover. Disturbance cycles contribute in a
major way to ecosystem diversity. Also, even though CRAM has precautions and guidelines for
tricky situations, Vyverberg (2015) believes that some of the practitioners of CRAM oftentimes
do not have the background and experience in physical processes needed to recognize that
they have just given a wetland a very low score that is perhaps not appropriate (Vyverberg
2015).
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In conclusion, CRAM is a rapid method of evaluating restoration projects enabling two field
practitioners to spend only a half a day at a project site. There are standardized forms for data
recording as well as a website where the forms can be uploaded and shared. Because it is rapid
and standardized, CRAM is a very cost-effective way of evaluating restoration projects. The
focus of CRAM is to review the interactions of hydrology, biotic and abiotic processes. The
CRAM practitioner does not need to rely on inference from data, existing reports, or site
managers, which allows for an unbiased review (Collins et al. 2008). However, CRAM does have
some limitations in that it is specific to California, does not produce accurate scores for
ephemeral streams with little vegetation cover, does not account for the positive impacts of
disturbance, may be too simple a method to use for complex ecosystems, and some
practitioners may not be experienced enough in physical processes (Vyverberg 2015).
3.4 Chapter Summary
This chapter presented a review of three selected methods to evaluate restoration projects.
The first method is the SER Primer, which discusses restoration planning, implementation,
monitoring and analysis, and focuses on nine different attributes for determining the success of
a restoration project (SER 2004). The limitations of the SER Primer are that it does not provide
standardized forms for data recording, does not provide a centralized location to store
information for tracking purposes (e.g., website or database), and all nine attributes are rarely
evaluated in restoration projects. The second method is the CDFW California Salmonid Stream
Habitat Restoration Manual, which details restoration planning, implementation, monitoring,
evaluation, and reporting (Flosi et al. 2010). The Manual provides data forms to record field
information and instructions for submitting them to CDFW, but is limited for use in all riparian
restoration projects in California because it is very specific to California coastal streams that
support, or once supported salmonids. The CDFW 1602 Lake and Streambed Alteration Program
and permit conditions were also reviewed for restoration projects. The permit conditions for
restoration projects can be very detailed and specific, requiring restoration plans,
implementation methods, monitoring requirements, success criteria, and reporting
requirements. The limitations to this program are that the permit conditions are not consistent,
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can be vague, are often difficult to enforce, and lack follow through due to lack of agency
funding and personnel. The third method is CRAM, which is a rapid, cost-effective way of
evaluating restoration projects focusing on the interactions of hydrology, biotic, and abiotic
processes using standardized forms for data recording that can be uploaded and shared on a
website database. The limitations of CRAM are that it does not include discussions of planning
and implementation, does not produce accurate scores for ephemeral streams with little
vegetation cover, does not account for the positive impacts of disturbance, is not for complex
ecosystems, and requires practitioners relatively experienced in physical processes.
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4.

Evaluation of BART Sabrecat Creek Riparian Restoration Project

The Sabrecat Creek Riparian Restoration Project is a 2 acre riparian zone located along Sabrecat
Creek, adjacent to a suburban neighborhood in the City of Fremont, California (see Figure 1).
Sabrecat Creek is a perennial stream that flows east to west and is a tributary to Coyote Creek
(ACRCD and NRCS 2014). Sabrecat Creek is one of the last remaining riparian areas in Fremont
still in its natural state. It is also the site of paleontological fossils dating to around 1.8 million
years ago (Alameda County Flood Control & Water Conservation District 2015). The project site
is owned and managed by the City of Fremont with the help of the Alameda County Resource
Conservation District and the National Resource Conservation Service (ACRCD and NRCS 2014).
4.1

Overview of Watershed

Sabrecat Creek is located within the Agua Caliente Creek Watershed; however, the creek is not
very connected to the upper or lower watersheds at this location due to roads and
development. The area is fairly isolated by development on the north and south sides of the
riparian area, and to the west by Interstate 680 and to the east by Mission Boulevard. Prior to
the area being developed for residential housing, it was grazed by cattle (Grefsrud 2015).

4.2

Figure 1: Sabrecat Creek Riparian Restoration Project Area (Apple 2015)
Restoration Project Overview
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In January of 2008, the City of Fremont removed elm (Ulmus americana) trees from a section of
Sabrecat Creek, just upstream from the BART mitigation project site without a 1600 Permit
from CDFW and were required to revegetate the area with native trees and shrubs, as well as
remove non-native invasive species (ACRCD and NRCS 2010). The City completed the project in
the winter of 2008/2009. This project brought to the attention of CDFW the problem of nonnative invasive plants and the potential for more riparian restoration along the remaining
portion of Sabrecat Creek, also owned by the City of Fremont. At the same time, BART was
required to do offsite mitigation for the Warm Springs Extension Project to offset the temporal
loss of riparian habitat. BART proposed to improve an additional two acres of riparian habitat
along Sabrecat Creek, next to the City of Fremont’s project. CDFW accepted the proposal and
the Alameda County Resource Conservation District and the Natural Resources Conservation
Service (NRCS) were contracted for the work, which included planning, overseeing,
implementing, monitoring and maintaining the restoration project (ACRCD and NRCS 2010).
The permit condition requiring this restoration work from the CDFW 1600 Streambed Alteration
Agreement (Notification Number: 1600-2008-0148-3) for the BART Warm Spring Extension
Project states the following:
“To compensate for the temporal loss of riparian due to delay in the mitigation
establishment the applicant shall provide funding, in an amount of $110,000, or other
amount approved by DFG [Dept. of Fish and Game at that time], not to exceed $110,000,
for the purpose of restoration and long term management of two acres of riparian habitat
on Sabrecat Creek at Becado Place and Vista del Mar in the City of Fremont or other area
approved by DFG. The endowment shall not be used by the City of Fremont for the
restoration and monitoring costs incurred under Streamed Alteration Agreement 16002008-0525-3. The endowment shall be held by an entity approved by DFG. Work on the
Project impacted riparian habitat shall not begin until DFG has approved the endowment
amount and terms of the endowment” (CDFW 2009).
4.3 Pre-Project Planning
Prior to the start of the project, an existing site conditions evaluation was conducted (ACRCD
and NRCS 2010). The understory consisted of mostly non-native Himalayan blackberry (Rubus
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discolor), English ivy (Hedera helix), poison hemlock (Conium maculatum), milk thistle (Silybum
marianum), and other non-native, often invasive plant species. The overstory consisted of nonnative elm trees, plum (Prunus sp.), and date palm (Phoenix sp.). Dutch elm disease impacted
many of the elm trees and that is why the City of Fremont removed some in the first place.
Native trees, which were found mostly in the western portion of the site, included arroyo
willow (Salix lasiolepis) and coast live oak (Quercus agrifolia). Native understory plants that
were scattered throughout the site included blue elderberry (Sambucus nigra ssp. caerulea),
California blackberry (Rubus ursinus), wild cucumber (Marah fabaceus), and stinging nettle
(Urtica dioica). A reference site was chosen downstream of the project area that supported
mostly native riparian species, including willows, wild cucumber, coyote bush (Baccharis
pilularis), and blue elderberry (ACRCD and NRCS 2010).
“The project goal was to improve habitat diversity in the riparian zone along Sabrecat Creek by
(ACRCD and NRCS 2010):
•

Removal and control of selected non-native understory plants and removal of identified
elm trees and saplings as necessary. Due to funding availability and site constraints, the
project scope does not include complete eradication of non-native species or complete
removal of all elms.

•

Enhance native riparian species diversity through establishment of native trees, shrubs
and understory vegetation” (ACRCD and NRCS 2010).

The following section describes the restoration project implementation in detail.
4.4 Project Implementation
The following sections present an overview of the restoration project implementation in terms
of weed management, planting plan, plant installation methods, success criteria, maintenance
and monitoring, community education and outreach, and a summary of results from the 2014
Annual Monitoring Report (Year 4 of required 5 annual monitoring reports).
4.4.1 Weed Management
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Due to a limited budget for the restoration project, it was stated in the planting plan that it is
unrealistic to completely control all of the non-native invasive plants within the project site
(ACRCD and NRCS 2010). Areas with existing native vegetation, or near existing native
vegetation, were given priority for invasive species control applications. The highest priority
was given to the western portion of the site, which had more existing native plants and was
adjacent to a fairly un-impacted section of riparian habitat downstream. The project site
included three zones of focus (i.e., Focused Planting Zone 1, Focused Planting Zone 2, and
Focused Planting Zone 3), as well as areas where interspersed planting would occur (see Figure
2). Prior to planting native vegetation, a 3-foot circumference area was cleared around holes
and annual forbs and grasses removed. This work was done primarily with the use of hand labor
and tools, but a weed whacker was also used when necessary. As part of the 5 year
maintenance plan, weeds are periodically removed from around the native plantings to
minimize competition. The City of Fremont and neighbors were notified of all weed
management and project maintenance activities through meetings, signage, and flyers. Special
notifications in compliance with the City of Fremont requirements were done for all use of
power tools and herbicides such as Round-up©. All debris created by the project was taken
from the site and placed at the City of Fremont Transfer Station (ACRCD and NRCS 2010).
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Figure 2: BART Sabrecat Creek Restoration Site (ACRCD and NRCS 2010)
The species-specific weed management program addressed the following invasive non-native
species: English ivy, Himalayan blackberry, American elm, pampas grass and date palms.
English ivy is a highly invasive non-native perennial vine that leads to a decrease in the diversity
of native plant species (Biggerstaff and Beck 2007). Focused Planting Zones 2 and 3 were the
focus areas for treatment of English ivy (ACRCD and NRCS 2010). The highest priority for control
of English ivy was in Focused Planting Zone 2 where the western-most ivy patch within the
project area was located. The east end of Focused Planting Zone 3 had a major weed infestation
of English ivy, Himalayan blackberry and other invasive plants; however, weed control activities
in Focused Planting Zone 3 focused on small individual weed patches due to the limited budget
for the project. Low growing English ivy was removed with manpower and hand tools. Removal
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of underground roots with hand tools was done to the extent possible, and herbicide was
applied to some cut stems and roots. In order to control English ivy using tree hosts, the ivy
vines were cut around the tree with a pruner to sever the vines from the roots, and then the
roots were removed. If the roots could not be removed without causing damage to the tree,
then herbicide was painted on the cut stems. Vines hanging from the trees were removed
where possible. For the last four years, and as part of the project maintenance, regrowth of
English ivy has been removed by hand or had herbicide treatment (ACRCD and NRCS 2010).
Himalayan blackberry is another highly invasive non-native semi-evergreen shrubby vine that
has been shown to displace native plant species (Fierke and Kauffman 2006). It occurred only in
the eastern portion of the project site in Focused Planting Zone 3, consisting of isolated patches
(ACRCD and NRCS 2010). Cutting of the aboveground vegetation in the late spring and summer
and spraying and painting herbicide to regrowth in the fall was implemented. Spraying or
painting with herbicide in the fall, September through early November, is best because the
plant is moving its energy reserves down into the roots at that time and the herbicide is
transported as well, killing the plant. Another method used to kill Himalayan blackberry was to
remove the roots and root crown of the Himalayan blackberry with hand tools or a small
backhoe (ACRCD and NRCS 2010).
American elm trees are not native to California and come from the eastern United States.
Focused Planting Zone 3 was dominated by elm trees, many of which were dead and diseased
(ACRCD and NRCS 2010). Elm saplings that were in this condition and less than 4-inches in
diameter were removed from Focused Planting Zone 3. Also, to open up more room for native
plantings, certain elms less than 4 inches in diameter were removed from Focused Planting
Zone 2. The elm trees were cut near ground level using hand tools (i.e., pruner) or power tools
(i.e., chain saw). Herbicide was painted on the cut stems to prevent re-sprouting of trees.
Approximately 70 elm saplings were removed (ACRCD and NRCS 2010).
Pampas grass (Cortaderia sp.) is a highly invasive non-native grass from South America that was
introduced to California in the mid-1800s (Lambrinos 2002). There was only one pampas grass
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plant observed within the project site in Focused Planting Zone 1. This plant was removed using
hand tools (ACRCD and NRCS 2010).
Date palms (Phoenix dactylifera) are non-native palm trees. A sapling that was growing next to
a small coast live oak tree in Focused Planting Zone 2 was removed so it would not be
competing for resources (ACRCD and NRCS 2010). Small, immature palm trees were also
removed in Focused Planting Zone 3. The palms were cut using hand tools (i.e., pruner) or
power tools (i.e., chain saw), and the root crown excavated with a small backhoe (ACRCD and
NRCS 2010).
4.4.2 Planting Plan
The majority of revegetation with native tree and shrub species was implemented in the three
Focused Planting Zones (ACRCD and NRCS 2010). Some planting was done in the Interspersed
Planting Area to increase native species diversity. A total of 425 native plants were planted in
Zones 1 – 3 and 110 native plants were planted in the Interspersed Planting Area. Restoration
activities within each planting zone are discussed below and Table 1 provides details about
species planted, estimated quantity, container size, and planting spacing for the Focused
Planting Zones (ACRCD and NRCS 2010).
Table 1: Plant palette for the Focused Planting Zones (ACRCD and NRCS 2010)

Common
Name
box elder

Container
Size
4-gal TP

California
buckeye

4-gal TP

Baccharis pilularis

coyote bush

Heteromeles

toyon

Scientific Name
Acer negundo var.
californicum
Aesculus
californica

# of
Plants in
FPZ1*

# of
Plants
in
FPZ2**
2

# of
Plants in
FPZ3***
6

Total
8

3

12

15

D-16

20

9

29

D-40 or TB

25

12

40
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Planting
Details
Place
individually
Groups of 23, 15’
centers
Groups of 3,
6’ centers;
plant in
open area
along trail
Groups of 2-

Scientific Name
arbutifolia
Holodiscus
discolor
Quercus agrifolia
Rhamnus
californica
Ribes sanguineum

Rosa californica
Sambucus nigra
ssp. cerulean
Salix lasiolepis

Symphoricarpos
albus var.
laevigatus

Common
Name
oceanspray
coast live
oak
California
coffeeberry
red
flowering
current
California
rose
blue
elderberry
arroyo
willow

common
snowberry

Container
Size
4
D-16, D40, TB 4
4-gal TP

# of
Plants in
FPZ1*

# of
Plants
in
FPZ2**

# of
Plants in
FPZ3***
Total

20

15

35

3

15

18

D-40 or TB
4
1-gal or D16

25

6

12

43

30

6

20

56

D-16

50

6

25

81

TB 4

6

3

20

29

10

15

25

15

6

25

46

197

42

186

425

pole
cuttings

D-16 or 1gal

Total
Container Size:
D-16: Deepot 16, 2’ diameter x 7” deep
D-40: Deepot 40, 2.5” diameter x 10” deep
TB 4: Treeband 4, 4” sq. x 10” deep
1-gal: 1 gallon pot, 6” diameter x 7 “ deep
4-gal TP: 4 gallon treepot, 7.75” sq. x 18” deep

Planting
Details
3, 8’ centers
Groups of 3,
6’ centers
Place
individually
Groups of 23, 8’ centers
Groups of 3,
6’ centers
Groups of 35, 5’ centers
Groups of 23, 10’ center
3’ centers;
plant along
creek
channel
edge
Groups of 35, 5’
centers;
plant in
shade

FPZ1* - Focused Planting Zone 1
FPZ2** - Focused Planting Zone 2
FPZ3*** - Focused Planting Zone 3

Focused Planting Zone 1 is approximately 0.2 acre and a fairly open area adjacent to the trail at
the western half of the project site that was dominated by non-native grasses and forbs (ACRCD
and NRCS 2010). In order to increase native plant diversity, the following native trees and
shrubs were planted in this zone: 3 California buckeye (Aesculus californica), 20 coyote bush
(Baccharis pilularis), 25 toyon (Heteromeles arbutifolia), 20 oceanspray (Holodiscus discolor), 3
coast live oak, 25 California coffeeberry (Rhamnus californica), 30 red flowing currant (Ribus
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sanguineum), 50 California rose (Rosa californica), 6 blue elderberry (Sambucus nigra ssp.
cerulea), and 15 common snowberry (Symphoricarpos albus var. laevigatus) (ACRCD and NRCS
2010).
Focused Planting Zone 2 is approximately 0.2 acre and native trees and shrubs were planted
following applications of invasive species controls (ACRCD and NRCS 2010). The following native
trees and shrubs were planted in this zone: 2 box elder (Acer negundo var. californicum), 3
toyon, 6 California coffeeberry, 6 red flowering currant, 6 California rose, 3 blue elderberry, 6
common snowberry, and 10 pole cuttings of arroyo willow (ACRCD and NRCS 2010).
Focused Planting Zone 3 is approximately 0.4 acre and dominated by elm trees in the over-story
(ACRCD and NRCS 2010). After some of the small dead and diseased elm saplings were
removed, native trees and plants were planted in between the existing trees. The following
native trees and shrubs were planted in this zone: 6 box elder, 12 California buckeye, 9 coyote
bush, 12 toyon, 15 oceanspray, 15 coast live oak, 12 California coffeeberry, 20 red flowing
currant, 25 California rose, 20 blue elderberry, 25 common snowberry, and 15 pole cuttings of
arroyo willow (ACRCD and NRCS 2010).
Table 2 provides details about species planted, estimated quantity, container size, and planting
spacing for the Interspersed Planting Area(ACRCD and NRCS 2010).
Table 2: Plant palette for the Interspersed Planting Area (ACRCD and NRCS 2010)

Scientific Name
Acer negundo var.
californicum
Aesculus californica
Heteromeles arbutifolia
Quercus agrifolia
Rhamnus californica
Ribes sanguineum
Rosa californica

Common Name
box elder
California
buckeye
toyon
coast live oak
California
coffeeberry
red flowering
current
California rose

Container
Size
4-gal TP

# of
Plants
3

Planting Details
Place individually

4-gal TP

3

Place individually

D-40 or TB 4
4-gal TP
D-40 or TB 4

12
4
12

Place individually
Place individually
Groups of 2-3, 8’ centers

1-gal or D-16

12

D-16

15

Groups of 2-3, 6’ centers,
plant in shade
Groups of 3, 5’ centers
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Scientific Name
Sambucus nigra ssp. cerulea
Salix lasiolepis

Common Name
blue elderberry
arroyo willow

Symphoricarpos albus var.
laevigatus
Total

common
snowberry

Container
Size
TB 4
pole cuttings

# of
Plants
12
25

D-16 or 1-gal

12

Planting Details
Place individually
3’ centers; plant along
creek channel edge
Groups of 3-5, 5’ centers;
plant in shade

110

Container Size:
D-16: Deepot 16, 2’ diameter x 7” deep
D-40: Deepot 40, 2.5” diameter x 10” deep
TB 4: Treeband 4, 4” sq. x 10” deep
1-gal: 1 gallon pot, 6” diameter x 7 “ deep
4-gal TP: 4 gallon treepot, 7.75” sq. x 18” deep

The Interspersed Planting Area is approximately 1.2 acres and includes the rest of the project
area outside of the Focused Planting Zones (ACRCD and NRCS 2010). A large coast live oak, and
potentially the oldest oak in the project area, at the eastern end of the project was treated for
English ivy invasion. The following native trees and shrubs were planted in the Interspersed
Planting Area: 3 box elder, 3 California buckeye, 12 toyon, 4 coast live oak, 12 California
coffeeberry, 12 red flowing currant, 15 California rose, 12 blue elderberry, 12 common
snowberry, and 25 pole cuttings of arroyo willow (ACRCD and NRCS 2010).
4.4.3 Plant Installation Methods
Plant installation occurred during January and February of 2011 (ACRCD and NRCS 2010). Site
Preparation included clearing of any weeds within an approximately 3-foot circumference area
around the planting hole location, distributing plants, preparing a water supply, hand digging
holes, and adding water to the holes if completely dry before removing the plants from the
containers (ACRCD and NRCS 2010).
The planting details are described in Tables 1 and 2 and include spacing, grouping, and location
of plants (ACRCD and NRCS 2010). Between December 15, 2010 and February 1, 2011, willow
cuttings were taken from large, healthy growing willows prior to bud swelling. The cuttings
were taken from within a 15-mile radius of the project area. Cuttings were between 3 to 5 feet
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long and had a minimum base of ¾ inch diameter and maximum base of 3 inch diameter. Prior
to planting, the cuttings were placed in a stream or bucket of water and planted within 24
hours of cutting. Willow cuttings and container plants were installed per specific instructions
detailed in Appendix A of the planting plan. Flags marked new plantings at the site and
drawings were created which showed where the plants were planted and included in the first
monitoring report (ACRCD and NRCS 2010).
The watering method implemented at the project site was DRiWATER©, which is a time-release
water bound in the form of a solid gel and is 98% water and 2% food-grade cellulose (ACRCD
and NRCS 2010). This is more cost-effective than purchasing and installing irrigation and allows
for steady subsurface irrigation to plants. When DRiWATER© comes into direct contact with
soil, it starts to liquefy because microorganisms in the soil break down the cellulose, releasing
the water (ACRCD and NRCS 2010).
In order to protect the trees and shrubs from herbivory from deer, protection cages made of
wire screens and rebar were installed around these plants (ACRCD and NRCS 2010). For the
smaller shrubs, such as California rose, coyote bush, and common snowberry, no protection
screens were installed. The reasoning for this was that since they are smaller, they are less
likely to be eaten by deer, and it is less expensive to replace these plants instead of installing
protective screens around them. Geotextile weed barrier mats were installed around all
container plants, as well as a thick layer of wood mulch to inhibit weed growth and competition
(ACRCD and NRCS 2010).
4.4.4 Success Criteria
Success at the restoration project site was measured by meeting the following goals stated in
the 2010 Sabrecat Creek Riparian Restoration Project Planting Plan (ACRCD and NRCS):
•

“Reduction of infestation of non-native elm trees, Himalayan blackberry, English ivy, and
poison hemlock

•

Increase native vegetation diversity by 50%” (ACRCD and NRCS 2014).
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4.4.5 Maintenance and Monitoring
Maintenance activities for this restoration site have included weeding around the native plants
that were installed, replanting any plants that had died, and replacing the DRiWATER© gel
replacement where and when necessary until the plants were well established (ACRCD and
NRCS 2010). The CDFW requirements for maintenance and monitoring are for 5 years, which
should be concluded in 2016. However, CDFW has requested that ACRCD/NRCS continue
maintenance and monitoring for an additional 5 years after the initial 5 year period is complete.
ACRCD has created a fund from the accrued interest from the initial project funding to meet the
additional maintenance and monitoring needs. Also, ACRCD/NRCS will monitor for the presence
of bird species utilizing the restoration site besides the monitoring for native plant success and
non-native invasive species control (ACRCD and NRCS 2010).
Monitoring and reporting procedures were outlined in the Sabrecat Creek Riparian Restoration
Project Planting Plan (ACRCD and NRCS 2010). Monitoring has been conducted on a yearly basis
with reports submitted to BART, CDFW, and City of Fremont since project implementation.
Additional monitoring will continue on a yearly basis after the initial 5-year monitoring period
and reports will be submitted to CDFW and the City of Fremont on January 15th of each year.
“Before” photos were taken, as well as photos that were taken on a yearly basis. Bird species
noted prior to project implementation were documented, and bird species presence continues
to be documented (ACRCD and NRCS 2010).
4.4.6 Community Education and Outreach
The riparian restoration project site is adjacent to a residential area and is frequently visited by
residents (ACRCD and NRCS 2010). The Sabrecat Creek Riparian Restoration Project Planting
Plan stresses the importance of informing and engaging the local community regarding
restoration activities, leveeing support for the project, and assisting in the long term success of
the project. Community meetings were held to encourage community involvement and to get
the community actively involved in the removal of non-native plants and the planting of native
species. Signage with project descriptions and contact information was posted prior to the start
58

of the restoration project activities at obvious locations along the paved recreational trail next
to the project site to inform residents of the project. Pamphlets with information regarding
non-native invasive species and their negative impacts, the benefits of riparian restoration, and
the importance of protecting natural resources, were mailed to residents along the creek. One
of the primary goals for this restoration project is community education and involvement. The
ACRCD partnered with volunteers from the local community for this restoration project (ACRCD
and NRCS 2010).
4.4.7 2014 Annual Monitoring Report (Year 4 of required 5 annual monitoring reports)
The 2014 Annual Monitoring Report covers Year 4 of the Phase 1 Sabrecat Creek Riparian
Restoration Project and summarizes the maintenance activities conducted in 2014, monitoring
performed in September of 2014, and an evaluation of revegetation success criteria and goals
(ACRCD and NRCS 2014). The Sabrecat Creek Riparian Restoration Project Planting Plan (ACRCD
and NRCS 2010) approved by CDFW required the following information be reported annually:
•
•
•
•
•

Map of photo monitoring points
Monitoring photos
Assessment of selective non-native species infestation
Plant survivorship
Avian species presence.

Photo documentation and survivorship monitoring by ACRCD/NRCS staff was conducted at the
following times:
•
•
•
•
•
•

Prior to construction – December 2010
Upon completion of construction – April 2011
Year 1 annual monitoring – December 2011
Year 2 annual monitoring – October 2012
Year 3 annual monitoring – December 2013
Year 4 annual monitoring – September 2014.

In 2014, weeding was conducted in March, June, May and September (ACRCD and NRCS 2014).
DRiWATER© replacement was performed in May and July 2014. Monitoring site visits were
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performed in March, July, and September 2014 to ascertain any necessary maintenance.
Maintenance and monitoring will be conducted through Year 5 in 2015 for the BART Warm
Springs Extension Project mitigation, and the ACRCD/NRCS will continue to monitor and
maintain the project site five years after that through 2020.
Evaluations of the success of the non-native invasive species treatments were done by
ACRCD/NRCS for the following species: English ivy, Himalayan blackberry, elm trees, pampas
grass and date palm (ACRCD and NRCS 2014). The evaluations were conducted by walking the
whole site, noting any re-growth of the targeted non-native invasive species in the project area,
and assessing and determining necessary treatment applications for these species and other
invasive plant species within the project area (ACRCD and NRCS 2014).
For the native species planted within the restoration project site area, ACRCD/NRCS performed
monitoring of plant survival by counting the number of plants that were alive and dead for each
of the planted species (ACRCD and NRCS 2014). Documentation of plant survival was recorded
in field notes, as well as descriptions of the health and vitality of the native plant species
revegetation.
Besides assessing invasive species and native plant revegetation success, monitoring of general
wildlife use was performed once during the monitoring period to record common wildlife,
songbird, and raptor use of the restoration site. This data was not intended as a performance
measure, but to help evaluate overall site function. Mammals observed included deer and
several species of rodents. Many riparian bird species were observed using the restoration site
and are noted below in Table 3.
Table 3: Bird species observed at the riparian restoration site (ACRCD and NRCS 2014)
Common Name

Scientific Name

American crow

Corvus brachyrhynchos

Anna’s hummingbird

Calypte anna

Bewick’s wren

Thryomanes bewickii

bushtit

Psaltriparus minimus
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Common Name

Scientific Name

California towhee

Melozone crissalis

chestnut-backed chickadee

Poecile rufescens

house finch

Carpodacus mexicanus

mourning dove

Zenaida macroura

Northern flicker

Colaptes auratus

Northern mockingbird

Mimus polyglottos

Nuttall’s woodpecker

Picoides nuttallii

oak titmouse

Baeolophus inornatus

red-shouldered hawk

Buteo lineatus

ruby-crowned kinglet

Regulus calendula

spotted towhee

Pipilo maculatus

turkey vulture

Cathartes aura

Western scrub jay

Aphelcoma coerulescens

Photo monitoring from permanent photo locations and specific directions was conducted and
photos were included in the 2014 Sabrecat Creek Riparian Restoration Annual Monitoring
Report (ACRCD and NRCS 2014). Pre-project photos and current photos can be compared to
help assess the success of the project (see Figures 3 – 8).
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Figure 3 - Photo Monitoring Point 1: Western end of project site, area around pampas grass,
December 13, 2010

Figure 4 - Photo Monitoring Point 1: Western end of project site, area around pampas grass,
September 22, 2014
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Figure 5 - Photo Monitoring Point 3: English ivy removal in Zone 2, December 13, 2010

Figure 6 - Photo Monitoring Point 3: English ivy removal in Zone 2, September 22, 2014
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Figure 7 - Photo Monitoring Point 6: Elm tree thinning and blackberry removal area,
December 13, 2010

Figure 8 - Photo Monitoring Point 6: Elm tree thinning and blackberry removal area,
September 22, 2014
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The success criteria for non-native plants were to reduce the infestation of specific targeted
plants (i.e., English ivy, Himalayan blackberry, elm trees, and poison hemlock) and increase
native vegetation by 50% (ACRCD and NRCS 2014). Through the project treatment efforts since
2010, these targeted non-native invasive species have been greatly reduced and the success
criteria have been met. Monitoring has been conducted from 2011 through 2014, and no resprouts or new growth have been noted in the project site for elm trees, pampas grass, or date
palm. English ivy was successfully treated in Focused Planting Zones 2 and 3, and new growth
near the big oak tree at the eastern end of the site was treated and no new growth has been
observed during subsequent monitoring site visits. In Focused Planting Zone 3, the Himalayan
blackberry that overran the area has been notably reduced since the original treatment and
regrowth was treated in September 2014. Additional weeding at the project site included
removing weeds from around the native plantings and weed-whacking where there were thick
weeds between planting areas. Along the paved recreational trail there were patches of wild
mustard (Hirschfeldia incana), bristly ox-tongue (Picris echioides), poison hemlock, and radish
(Raphanus sativus) that were also weed whacked (ACRCD and NRCS, 2014).
As stated above, the success criterion for native plant species was to increase diversity by 50%.
Prior to the restoration project, there were five native plant species including coast live oak,
willow, California blackberry, blue elderberry, and stinging nettle. After implementation of the
restoration project, there are currently 15 native plant species that occur within the project
area, which is a 200% increase in native plant species diversity. This result surpasses the success
criteria of expanding the native plant diversity by 50%. Also, for the native plant species that
were planted, most of them exceeded 50% survivorship. California buckeye and coast live oak
have had a 100% survival rate, while California coffeeberry has had only a 26% survival rate.
The low rate of California coffeeberry survival could be due to water stress and the severe
drought over the past few years, which could make the plant more susceptible to insect
herbivory. During monitoring, the plants were noted to be defoliated by insect herbivory. None
of the willow cuttings survived, most likely due to the deeply incised creek channel and a low
water table where the cuttings were installed. No willow planting replacement is proposed.
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In the fall/winter of 2014, tubex hardware was removed from some of the plantings due to one
or more of the following factors: the plants had grown taller than the Tubex, the plants were
crowded in the Tubex or it was noted that there was moderate insect damage possibly from a
lack of air movement within the Tubex.
As discussed above, the project success criteria have been met in Year 4, however the project
site will continue to be monitored for regrowth of English ivy and Himalayan blackberry and
follow-up treatments will be applied as necessary to avert re-infestations by those two invasive
species. Also, weeding will continue in the spring to minimize competition for the native
plantings.
4.5

Applying Best Methods to Evaluate the Project

Based on the three methods of evaluating restoration projects previously discussed in Chapter
3 (SER 2004, Flosi et al. 2010; Collins et al. 2008), the SER Primer is the best fit for evaluating
the Sabrecat Creek Riparian Restoration Project. The CDFW California Salmonid Stream Habitat
Restoration Manual was not as relevant to this urban creek that does not have potential for
salmonids or other anadramous fish. The CRAM was not chosen because it specifically focuses
on success criteria and the Sabrecat Creek Riparian Restoration Project had very general goals
and low success criteria.
The SER Primer encompasses everything from planning, implementation, monitoring and
evaluation of a restoration project. It focuses on attribute analysis for determining success
criteria, but also emphasizes the use of best professional judgement and subjectivity when
evaluating a restoration project. Also, the SER Primer highlights the fact that each restoration
site and reference site is unique and restoration practitioners should keep that in mind when
carrying out a restoration project (SER 2004).
The Sabrecat Creek Riparian Restoration Project had only two written goals in the Planting Plan
(ACRCD and NRCS 2010), which were very simple, had no numeric values attached, and were
not well defined. The goals are restated here:
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•

“Removal and control of selected non-native understory plants and removal of
identified elm trees and saplings as necessary. Due to funding availability and site
constraints, the project scope does not include complete eradication of non-native
species or complete removal of all elms.

•

Enhance native riparian species diversity through establishment of native trees, shrubs
and understory vegetation” (ACRCD and NRCS 2010).

In the 2014 Annual Monitoring Report, the success criterion for an increase in native plant
species diversity of 50% is discussed and noted to be surpassed by 200% (ACRCD and NRCS
2014); however, this success criterion was not discussed in the original Planting Plan. Also, in
the Planting Plan it states, “One of the primary goals for this restoration project is community
education and involvement” (2010); however, this action was not included as a written goal
along with the other two goals. The project goals should have been more descriptive and
precise and additional goals should have been included in the Planting Plan.
The Sabrecat Creek Riparian Restoration Project should have included more specific goals and
objectives in the Planting Plan. As discussed in Chapter 3, the SER Primer emphasizes that it is
critical to have restoration project goals in writing (SER 2004). The goals should reflect the size
of the restoration project. General goals are often used for large, landscape-scale restoration
projects. More specific goals are often used for small restoration projects (SER 2004).
The first stated goal for the Sabrecat Creek Riparian Restoration Project regarding non-native
species is not very specific and does not have concrete success criteria requirements, rather it
states there will be “removal” and “control” of selected species. It is understandable that in a
highly disturbed urban creek setting such as Sabrecat Creek, it is unrealistic to expect complete
eradication of non-native invasive species. This view is in line with the SER Primer, which
underscores that the goal on non-native invasive species removal and control can be very costly
and have logistical challenges, and should be approached realistically (SER 2004). The SER
Primer also points out that not all non-native species are invasive or compete with native
species. The focus of exotic species control should be on invasive species that compete with
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targeted native species and pose the greatest threat to the restoration project and landscape at
a regional scale (SER 2004). Despite this general agreement, there could have been some
numeric analysis of existing non-native, invasive plant species and the percent planned for
removal. This goal could have also have been written to include removal of a certain percent
cover of the non-native plants. Also, the goal could have included numeric or percentage
requirements for eradication of non-native species by the 3rd, 4th, and 5th year of annual
monitoring.
The second stated goal, to enhance native plant diversity, is also vague and does not have
specific success criteria requirements; however, in the 2014 Annual Monitoring Report it states
there is a success criterion requirement of 50% increase in native plant diversity. What does
this actually mean? They state there were five native plant species existing on the project site
when it was first implemented including, coast live oak, willow, California blackberry, blue
elderberry, and stinging nettle. Therefore, if only three (3) different native plants of different
species than those previously existing on the project site survived, there would be over 50%
success. Three plants total! In actuality, after implementation of the restoration project, there
are currently 15 different native plant species that occur within the project area, which is a
200% increase in native plant species diversity. However, this number does not tell us the total
number of new plantings and their survival rate. This goal should have included success criteria
for a percentage of plant survival by the end of the 3rd, 4th, and 5th year of annual monitoring.
The Sabrecat Creek Riparian Restoration Project could have benefited from utilizing the SER
Primer’s nine attributes for a successful restoration project discussed in Chapter 3 (SER 2004).
The 2014 Annual Monitoring Report does discuss number of plants installed and survival rates;
however, it would be best to be included as a goal and have specific success criteria
requirements. In this way, the resource agencies would have some recourse if the restoration
project failed or fell short of expectations.
Additional goals should have been added to the Planting Plan. As stated in the 2010 Planting
Plan, “One of the primary goals for this restoration project is community education and
involvement” (2010). This should have been included as a stated goal with the other goals.
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Another goal could have been to create aesthetic beauty for recreational purposes and spiritual
well-being. The project site is within a residential development with a bike path along the edge
of the project. It makes sense to have a goal that would connect the public to nature. If the
public is not exposed to nature, there is less of a likelihood that they will care for it and want to
protect it, and making this a project goal puts focus on the interaction between humans and
nature and how they can work together. Yet another goal could have been to increase habitat
for riparian birds and other wildlife habitat. Other goals that could have been reviewed and
discussed for possible inclusion into the restoration project include water quality
improvements, flood control, erosion control, groundwater storage, and carbon dynamics. The
SER Primer encourages all goals, even if they are socially-based rather than ecologically-based,
to be included in restoration plans (SER 2004).
Not only should there have been clearly stated goals for the Sabrecat Creek Restoration Project,
but there should also have been objectives describing the steps to be taken to reach those
goals. It makes it possible to evaluate a project for success if there are clear goals and
objectives. Without them, it is very difficult, if not impossible, to determine success of a
restoration project.
The Sabrecat Creek Restoration Project could have had a better description of the reference
site in the Planting Plan to better compare the restoration site to the reference site. The SER
Primer suggests using multiple reference sites and other sources because a single reference site
could represent one state within a historic range of possible variations of that ecosystem type
(SER 2004).
Overall, the Sabrecat Creek Restoration Project appears to be a success despite the limitation of
the goals and lack of objectives. Non-native invasive species controls have been effective and
native plant survival has been sufficient. The benefits of the project can be seen in the before
and after photos taken of the restoration project. It is unfortunate that $100,000 was spent on
this restoration project, yet the success criteria requirements were not clearly established and
there would be little recourse by the resource agencies if it were to fail. However, the ACRCD
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and NRCS have been managing the project for BART and the City of Fremont, and will continue
to do so for 5 years after the initial required 5 years of maintenance and monitoring. The
ACRCD and NRCS have a vested interest in seeing this project succeed, as well as others they
have been working on adjacent to this project site.
4.6

Chapter Summary

The Sabrecat Creek Restoration Project is a two acre riparian zone located along Sabrecat Creek
within the Agua Caliente Creek Watershed, adjacent to a suburban neighborhood in the City of
Fremont, California. BART was required to do offsite mitigation for the Warm Springs Extension
Project to offset the temporal loss of riparian habitat and improved an additional two acres of
riparian habitat along Sabrecat Creek (ACRCD and NRSC 2010). The Alameda County Resource
Conservation District (ACRCD) and the Natural Resources Conservation Service (NRCS) were
contracted for the work, which included planning, overseeing, implementing, monitoring and
maintaining the restoration project (ACRCD and NRCS 2010).
“The project goal was to improve habitat diversity in the riparian zone along Sabrecat Creek by
(ACRCD and NRCS 2010):
•

Removal and control of selected non-native understory plants and removal of identified
elm trees and saplings as necessary. Due to funding availability and site constraints, the
project scope does not include complete eradication of non-native species or complete
removal of all elms.

•

Enhance native riparian species diversity through establishment of native trees, shrubs
and understory vegetation” (ACRCD and NRCS 2010).”

After pre-project planning, the project was implemented in the fall of 2010. Weed control was
the first action starting in the fall of 2010 and continuing through the spring of 2011. Native
plants were planted in January and February of 2011. The project is now in the fifth year of the
required five year monitoring and reporting by CDFW and the fourth year annual monitoring
report was submitted to CDFW and RWQCB (ACRCD and NRCS 2014).
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Both of the goals identified in the 2010 Planting Plan have been reached and the success
criteria met for the project. However, the goals were limited in scope and could have been
better defined as well as additional goals identified (i.e., bird habitat use, environmental
education, community involvement).
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5

Research Conclusions

This research identified critical elements of riparian restoration projects, methods to determine
the success of these projects, and then applied the selected method to an actual restoration
project on Sabrecat Creek in the City of Fremont, California.
5.1

Critical Elements of Riparian Restoration Projects

A multi-disciplinary approach is required when planning a riparian restoration project due to
the complexities, and should involve scientists of different disciplines, as well as resource
managers, agency personnel, and public interest groups (D’Antonio and Meyerson 2002;
Dudley and Bean 2012). It is important to look at the critical elements of riparian restoration
when planning a restoration project, which include: the watershed, surrounding land use,
adjacent habitat, and riparian buffers (Honey-Roses et al. 2013; Anderson and Poage 2014;
Queheillalt and Morrison 2006); special-status species, endangered species, and habitat type
and structure (Queheillalt and Morrison 2006; Sharp and Kus 2006; Kus 1998; Dudley and Bean
2012); invasive species control (Watts and Moore 2011; Stein et al. 2000; Hall and Gaffney
2010); water quality and hydrology (Honey-Roses et al. 2013; Stein and Ambrose 1998); and soil
and soil microbial communities (Harris 2009).
Urban riparian restoration projects should be assessed differently than rural pristine riparian
areas when evaluating the “success” of a restoration project. The focus areas of urban riparian
restoration projects are often on water quality improvement, infrastructures prevention,
removal of invasive non-native species for fire prevention, recreation and aesthetics (Kenney et
al. 2012; Stein et al. 2000; Watts and Moore 2011). It is important to develop realistic goals and
objectives when planning any restoration project, but especially urban riparian restoration
projects (Hilderbrand et al. 2005).
Once a project is implemented, monitoring and adaptive management are critical for the
success of a riparian restoration project because they allow for critically assessing the progress
of a project and the ability to intervene with contingency plans if it is off-track (Hilderbrand et
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al. 2005). This ability to correct requires that the restoration project be considered a long-term
experiment (Pastorok et al. 1997), which can be challenging because that viewpoint requires
long-term monitoring and long-term funding, which are limited.
5.2

Methods to Evaluate Restoration Projects

There are many methods that have been used to evaluate riparian restoration projects and
success criteria. For the purposes of this research, only the SER, CDFW, and CRAM methods
discussed in Chapter 3 were reviewed and evaluated.
The Society for Ecological Restoration International Primer on Ecological Restoration (SER
Primer) includes guidance for planning, implementation, monitoring and evaluation of a
restoration project (SER 2004). It focuses on attribute analysis for determining success criteria,
but also emphasizes the use of best professional judgement and subjectivity when evaluating a
restoration project. The SER Primer highlights the fact that each restoration site and reference
site is unique and restoration practitioners should keep that in mind when carrying out a
restoration project. The limitations of the SER Primer is that it does not provide standardized
forms for data recording, and does not provide a centralized location to store information for
tracking purposes or information sharing, such as a website or database.
The CDFW Salmonid Stream Habitat Restoration Manual (Manual) includes details regarding
planning, implementation, monitoring, evaluation, and reporting of restoration projects (Flosi
et al. 2010). The Manual provides data forms to record field information and instructions for
submitting them to CDFW. The limitation encountered with using the Manual for all riparian
restoration projects in California, is that it is very specific to California coastal streams that
support, or once supported, salmonids (Vyverberg 2015). Many streams in California have
limited riparian vegetation or fish habitat naturally. Therefore, the Manual has its limitations for
application to all riparian restoration projects in California (Vyverberg 2015).
The CDFW 1602 Lake and Streambed Alteration Agreements include permit conditions for
riparian restoration, depending upon the type of project and mitigation requirements. The
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permit conditions can be very detailed and require restoration plans be submitted to CDFW for
review and approval. In some cases, restoration plans are not required, but permit conditions
are included in the 1602 Permit with restoration implementation methods, monitoring
requirements, success criteria, and reporting requirements. However, oftentimes the permit
language is vague, hard to enforce, and usually has little follow through due to lack of agency
funding and personnel. Also, these permit conditions tend to be narrowly focused on the
restoration of vegetation cover and do not usually address other ecosystem functions and
ecosystem services.
CRAM is a rapid method of evaluating restoration projects, enabling two field practitioners to
spend only a half a day at a project site (Collins et al. 2008). There are standardized forms for
data recording as well as a website where the forms can be uploaded and shared. Because it is
rapid and standardized, CRAM is a very cost-effective way of evaluating restoration projects.
The focus of CRAM is to review the interactions of hydrology, biotic and abiotic processes. The
CRAM practitioner does not need to rely on inference from data, existing reports, or site
managers, which allows for an unbiased review (Collins et al. 2008). However, CRAM does have
some limitations in that it is specific to California, does not produce accurate scores for
ephemeral streams with little vegetation cover, does not account for the positive impacts of
disturbance, may be too simple a method to use for complex ecosystems, and some
practitioners may not be experienced enough in physical processes (Vyverberg 2015).
5.3

Evaluation of Restoration Project

As discussed in Chapter 4, the Sabrecat Creek Restoration Project is a two acre riparian zone
located along Sabrecat Creek within the Agua Caliente Creek Watershed, adjacent to a
suburban neighborhood in the City of Fremont, California. BART was required to do offsite
mitigation for the Warm Springs Extension Project to offset the temporal loss of riparian habitat
and improved an additional two acres of riparian habitat along Sabrecat Creek (ACRCD and
NRSC 2010). The Alameda County Resource Conservation District (ACRCD) and the Natural
Resources Conservation Service (NRCS) were contracted for the work, which included planning,
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overseeing, implementing, monitoring and maintaining the restoration project (ACRCD and
NRCS 2010).
“The project goal was to improve habitat diversity in the riparian zone along Sabrecat Creek by
(ACRCD and NRCS 2010):
•

Removal and control of selected non-native understory plants and removal of identified
elm trees and saplings as necessary. Due to funding availability and site constraints, the
project scope does not include complete eradication of non-native species or complete
removal of all elms.

•

Enhance native riparian species diversity through establishment of native trees, shrubs
and understory vegetation (ACRCD and NRCS 2010).”

Both of the goals identified in the 2010 Planting Plan have been reached and the success
criteria met for the project. However, the goals were limited in scope and could have been
better defined as well as additional goals identified (i.e., bird habitat use, environmental
education, community involvement).
In general, the Sabrecat Creek Restoration Project appears to be a success despite the
limitation of the goals and lack of objectives. The controlling of non-native invasive species has
been effective and survival of native plants has been sufficient. The ACRCD and NRCS will
continue to manage the project for 5 years after the initial required 5 years of maintenance and
monitoring. The ACRCD and NRCS have a vested interest in seeing this project succeed, as well
as other restoration projects they have been working on adjacent to this project site. Future
restoration opportunities at this site include additional native plant installations, continued
non-native invasive species control, monitoring habitat use by birds and other wildlife,
community involvement, and environmental education.
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5.4

Overall Research Conclusions

Riparian restoration is a complex, inter-disciplinary field that is open to interpretation by its
practitioners.

As discussed in Chapter 2, there are several critical elements of riparian

restoration that should be taken into account when planning a restoration project, including
the watershed, surrounding land use, adjacent habitat, and riparian buffers (Honey-Roses et al.
2013; Anderson and Poage 2014; Queheillalt); special-status species, endangered species, and
habitat type and structure (Queheillalt and Morrison 2006; Sharp and Kus 2006; Kus 1998;
Dudley and Bean 2012); invasive species control (Watts and Moore 2011; Stein et al. 2000; Hall
and Gaffney 2010); water quality and hydrology (Honey-Roses et al. 2013; Stein and Ambrose
1998); and soil and soil microbial communities (Harris 2009).
Many methods exist for the development and evaluation of restoration projects, as discussed in
Chapter 3, some of which the guidance is inconsistent and at times, conflicting, as well as
having certain limitations. Also, resource agency permits are often vague and are not uniform
across agencies. It is important to choose a method prior to the start of planning a restoration
project that addresses the specific needs of the restoration project and be aware of the
limitations. Working closely with agency personnel can also help the restoration project be a
success.
Although the Sabrecat Creek Restoration Project did not include all of the critical elements of
riparian restoration projects and lacked detailed goals and objectives, in general, the project
appears to be a success. The ACRCD and NRCS have a vested interest in seeing this project
succeed, as well as other restoration projects they have been working on adjacent to this
project site. There are several opportunities for future restoration at the site, including
additional native plant installations, continued non-native invasive species control, monitoring
habitat use by birds and other wildlife, community involvement, and environmental education.
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6

Management Recommendations for Riparian Restoration Projects

Riparian restoration is a complex area of ecology that requires attention to detail and a multidisciplinary approach. The following sections discuss management recommendations for
riparian restoration projects that restoration practitioners and resource agencies can reference
based on the research included in this paper. These include recommendations for restoration
planning, success criteria and evaluation, strengthening policy for restoration projects, and
strengthening funding requirements for restoration projects.
6.1

Restoration Planning, Success Criteria, and Evaluation Methods

When planning a restoration project, a specific method, such as the SER Primer, should be
chosen prior to the start of the project. The particular restoration method should be chosen
carefully, as one size does not fit all. By doing this in the planning phase and following specific
steps, evaluating the success of the restoration project will be a clear and straightforward
process (Ruiz-Jaen and Aide 2005). One of the most important factors of a successful
restoration project is having clear and realistic goals and objectives that establish the criteria
for restoration success that can be accurately measured. The project attributes that will be
assessed should be determined during the planning phase and it is essential to include, at a
minimum, measurements of diversity, vegetation structure, and ecological processes (Ruiz-Jaen
and Aide 2005).
These attributes should encompass critical elements of riparian restoration as discussed in
Chapter 2, which include: the watershed, surrounding land use, adjacent habitat, and riparian
buffers (Honey-Roses et al. 2013; Anderson and Poage 2014; Queheillalt); special-status
species, endangered species, and habitat type and structure (Queheillalt and Morrison 2006;
Sharp and Kus 2006; Kus 1998; Dudley and Bean 2012); invasive species control (Watts and
Moore 2011; Stein et al. 2000; Hall and Gaffney 2010); water quality and hydrology (HoneyRoses et al. 2013; Stein and Ambrose 1998); and soil and soil microbial communities (Harris
2009).
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Regular monitoring and adaptive management are critical for the success of a riparian
restoration project, as well as long-term monitoring and funding, which should be incorporated
into the overall restoration plan (Hilderbrand et al. 2005; Pastorok et al. 1997).
6.2

Strengthening Policy for Restoration Projects

According to Zedler et al. (2012), wetland restoration policy, including riparian restoration,
should promote planning at a watershed level in order to reach multiple ecosystems goals.
Restoration professionals and resource agencies are embracing the watershed approach;
however, there are many obstacles to overcome, such as multiple property owners within a
watershed, funding, personnel, and agency coordination.
Coordination among agencies to come up with standardized requirements for restoration
projects would be helpful for restoration practitioners as well as the resource agencies to
streamline the process of planning and evaluation. These could be basic guidelines that outline
the minimum requirements of a restoration project including goals and objectives, clear success
criteria, minimum attributes to be included, methods, monitoring and adaptive management.
CRAM attempts to do this for the evaluation of restoration projects, but has limitations as
discussed in Chapter 3.
Agency permit language (i.e., CDFW and RWQCB) needs to be specific, clear, and enforceable.
As discussed, the permit language is sometimes vague and confusing. Again, it would be helpful
if the permit language for all interested resource agencies was consistent so that compliance
reporting and monitoring would be more streamlined.
6.3

Strengthening Funding Requirements

Funding for long-term monitoring is essential in the success of many restoration projects. This
includes funding for the restoration managers as well as resource agencies. For compensatory
mitigation restoration projects, there should be a clear way to factor how much money should
be spent on a restoration project. The area impacted by a project that needs to be mitigated on
site or off site should be evaluated for its ecosystem value, as well as the site to be restored.
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This determination involves the valuation of ecosystems, which is an emerging area of
environmental economics. More research is needed in this area of restoration ecology so that
ecosystems impacted by development are adequately compensated for with successful
restoration projects.
6.4

Recommendations Summary

Restoration projects are complex and require a multi-disciplinary approach. A specific method
of restoration planning and evaluation, such as the SER Primer, should be chosen prior to the
start of a project. The restoration project should have clear, realistic goals and objectives. At a
minimum, the restoration project should include attributes that measure diversity, vegetation
structure, and ecological processes. Also, critical elements of riparian restoration should be
evaluated, such as the watershed, surrounding land use, adjacent habitat, and riparian buffers;
special-status species, endangered species, and habitat type and structure; invasive species
control; water quality and hydrology; and soil and soil microbial communities. The restoration
project should have long-term monitoring and adaptive management incorporated in the plan.
In order to strengthen restoration policy, agencies should take a watershed approach. Also,
standardized requirements among agencies for restoration projects would be helpful for
restoration practitioners as well as the resource agencies to streamline the process of planning
and evaluation. Agency permit language (i.e., CDFW and RWQCB) needs to be specific, clear,
and enforceable. Consistent permit language among resource agencies would also be helpful in
streamlining the compliance process.
Funding for long-term monitoring is essential in the success of many restoration projects and is
needed by both resource managers and resource agencies. More research is needed in the
area of valuing ecosystems and environmental economics for restoration ecology so that
ecosystems impacted by development are adequately compensated for with successful
restoration projects.
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